
FINAL REPORT

NOAA-OCSEAP  Contract: 03-7-022-35140
Research Unit: 196

P r i n c i p a l  I n v e s t i g a t o r :  G.J. D i v o k y

BIRD USE OF COASTAL HABITATS IN NORTON SOUND

By

Doug Woodby and George Divoky

College of the Atlantic
Bar Harbor, Maine 04609

April 30, 1982

353



We are thankful to the people of Norton Sound who granted  us access
to their lands. Special thanks to White Mountain Wagers for allowing our
intensive studies on the Fish River Delta. We are also grateful  to the
people of G o l o v i n  for accepting us into their community, where we lived in
1981.

Henry Spring er  was of immense help; he provided us with his home in
1980 and shared his extensive knowledge of local birds. We are likewise
grateful to Florence  Doyle for allowing us to live in her Golovin home.

William Drury provided insights into bird distributions and appropriate
sampling  schemes. D a v e  Norton of the OCSEAP Arctic Project  Office
provided moral and other support during the course of the study. Dan
Brooks$ then OCSEAP Arctic project Office logistics coordinat or, frequently
assisted with equipment and field support needs.

Field assistants with the project were Steven Allison,  John Blackham,
Sally Blackham, David (Jim) Blick, Steve Chance, John Drury, Mary Hausler,

Warheit.
all the people who helped us, David Olson was most instrumental.
in flying made our surveys safe and his knowledge of the coast

concentrations simplified our work.

and Ken
of

His skill
and bird



TABLE OF CONTENTS

Page

LIST OF

LIST OF

LIST OF

I.

I I .

III.

IV.

V.

VI.

FIGURES , . . ..o”.  o... sae*o* 0000’

TABLES .*, O,. ,**. CO... OS O.**’

,* . ..* ..*. ****..** ,.. ***ode.******.**..  ee*. *.. *.*ma. **e***0

.***. *.**.***..**, 8 .*.*0.***..*.*..**********  ● * * * * * * * * * 8 * . *

APPENDICES .*e..  e..  **.*.0*0* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O.e*o  . . ..00*  .0. *.o  . ...0.

SUMMARY OF OBJECI’~S, CX3NCLUSIONS, AND IMPLICATIONS
WITH RESPECT ‘III OCS OIL AND GAS DEVELOPMENT . . . . . . . . . . . . .

INTRODUCTION . . ..0 . . ..0...00 . . . .*.0*  *.**.  *..  O...*..  ***m*  . . . . ..**e.  ****e  *e***  **e*****

A. General Nature and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.....  ~- . . . ..e.
B. Speeific Objectives . . . . . . . . . . . . . . . . . . . . . . . . . ..~~ . . ..~..~~  . . ..`~..~*~*.~~.~ ..~~.
C. Relevance to OCS Development ee . . . . . . ..eo . . . . . . . . . . . . . . ..mse...eo.o*..

CURRENT ~ATE OF KNOWLEDGE ..o...e . . . . . . . . ..e . . . . ..oe*o.ece..o.eoeoe. oe*

SIWDY AREA e..w...e . . . . . . . . . . . . . . . . . . . . . ..e . . . ..oeeee.e..ae.. ee.ea.eee.a.aa.  ee . . . . ..ae
A. Physiography of Coastal Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..oe...e.
B. Coastal Habitat Descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C. Wetlands of Norton Sound .m.eee  . . . . . . . . . . . . ..o . . . . . . . . ..e . . . . . ..e.e.e..e.

RATIONALE, SOURCES, AND METHODS OF DATA ~LLEC1’ED . . .
A- Rationale . . . . . . . . . . . ..e . . ..es . . . . . . . . . . ..ee . . . . . . ..e...es...e...  **e . . ..*.e  . . . . . ..e
B. sOUIVeS  ..e.e . . . . . . . . . . . ..o . . . . . . . . . . . . . . ..e..e  . . . . . . . ..a . . . ..e . . ..m...a..ae.ee. eee.
C Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..** . . . . . . . . . . . . . . . ..~*~~.~.." . . . .

RESULTS, Part One: Bkd Groups .e.o . . . . . . . . . . . . . . . . . . . . . ..e..e...o..ee.e..
Aa All Birds: An Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~~* . . ...*.".

1. Relative Abundances of Eight Bird Groups: Appro-
priate Census Techniques . . . . . ..-.................  ~.~--.$..

2. Habitat Use . . . . . . . . . . . . . . . . . . . ..*.. ~ . . . . . . . . . . ..* . . . . . . . . . ..~* . . . . . . ..~*
3. Seasonal Use . . ..e..e . . . . . . ..o . . . ..e . . ..e . . . ..e . . ..e . . ..ea . . ..e..e  . . ..e..
4. Geographic Distribution . . . . . . . . . . . . ..- . . . . . . . . . ..-... ~... ------

B. Loons ● ***o. .Oe*. *0... **... *.*eee ● .** . . ..*.. *..**..* . ..*.. e . . ..*** *e. ***** **e** **e ..0.
1. Habitat Use ~ . . . . . . . . . . . . . . . . . . . . . . ..*.~ . . . . . . . ..~.*..*  . . . . . . . . . . . . . . . . . .
2. Seasonal Use . . ..e . . . . . . . . . ..o..eee..e.e.SeS..  ee..e...ee.e.@.  e.. S........
3. Geographic Distribution o . . . . . . . . . . . . . . . . . ..o . . ..o . . . . . . ..e . . ..s..e.o
4. Nesting Phenology . . . . . . . . . . . . . . . . . . . . . . . . ..~.~~..~  . . ..~.~ . . . . ..~....

35s



262OLJ-9J fl26
Q60 L bpic D2 41 !P 00- 000 0tGe0-SOtoOOefl0&ofl,.,,,,,,fl,,,okh

0
fl6

MIJ2 00000000m000010s0000004000.,,,01,e,00.,.,,000000010000000000,0000000000000000000\44

- j4btJ U bPbIJ-OlOb.A
3

eGoLbpIG DILIPflIOU
' 62OL!9J fl26 eeseososess,o.00000,.a.eefl,c.,,,.fl.,09,e,,,.,s,e,,00...

is
B1JG2 eesemsssesse.ecns,,oso.o,,,.,.eo,.a,,.eo.s,...s.,,.,..s,,.....

2 MP76LOU6q C6626 oessa000eosnso.a.oe000..s.e..,,oa.o...o.nn..00
(C) B6 2rflhJIJJ6L secsses,eo,a.css..o,aso.oea,....,..,,.,.,o.o..,so.
(p) L66qJu .flflflo.flfl..flaflfl,D*.o.flflsunn.n,neunno
() bLJu soeoeesoeoesaaeot,ona,o.eeemoe.e.,.eq,e,,.o,,..,..,o.,..,. O

J1 EUJb6LOL 0662 eeaeoeettoeeosn,,o,ae..,o,o,,o,.,,o.,gos,,,..,,.,.,.occ
UOM 06626
(P) r6 arauw ooeeoeoo.e...e.ee.o.o,.e-o...,

() 2bLIu JfjJLroLJ. seeeeesmsoo,eoeeea,,e,.a.n..,eeeeoa...oeeeo

SBL91J osGte-sseseseseøesoeeeeQ....o,,.....000....oa....e.o...,00.s.....,....
(C) fj6O L bpJG fl12 LJpfTIOU 3

(P) 26U2OIJJ fl26
(g) H9P401 fl26 Ot5U*oOISoSeOQSIseSøOflOeeOO,IOS,e,*O..,.S.,*.a..

TC91Jq 06626 eeaeeIseeooeoe0000eoos..e.eeeea.o...o.o.........00........+O
Q6626 eeeeeeeososee.00e..e.eoae..a,.o....,.e..e...C..,..o,.....o,.,,.,..,..D.....,...+

b L8TLJG DLOflP b obrij 10U2

BpioJo.
Q6oL bpic DJ2fLrP-flIOU eeQ000flefl,0000ne,,n,no.000a.m..e.oe..s.
22OU soøe&seeeeteectgetesseflm,.,...,...b..o.a.c.Q..Ø$,.,$0
HgPI.r

r J6]9pA priuq
Df1GI2 P)

flp21a6uc6 tussss.Gsnee,o.o.se.....ess,,..,,eoo.e...oeo.o,....
re6oLbPJG DJr1. ipnpou tGSoO000esca000to,aoseo.o,00.a,Ge...fl....s+
S. 2ou9J.

seoooosee.o..eo,.c000e..,o,,o,..,o.s.o.,a,..,t.,G,.,.o..a fr )'ç

M96LIOMJ OSOGflSflOQOC*flt5flflssflfloeeOQSOo,eQOO.,G,,,..,.,o..oø_,.,,....,.t4.G

n

E.

I?.

G

TABLE OF mNmNm 0.2cmtim$?d)

Page

3’56



TA13LE OF CONTENTS (Continued)

HO

L

J.

K.

L.

M.

Page?

Shorebirds . . . ..* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ . . . ..*~**e~.~..*.~. 498
1. Relative Wundmee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*.. ~ . . ..~.~.~e~~.** 49S
2. Common Wetland Breeders . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..e.e.e.e..eo  ‘JCY?

(a) Habitat Use e.e***e *.**.O. e.e*,. *.*. e**n** ..*.  *,.0.  ee.  ee.  *e*.  OeOO

(b) Seasonal Abundarw e
j (](1

. ..***  O*.  *O..  O.,*.  e*..  **.. e*e**  e**..*  ..00
51:;

(c) Geographic Distribution . ..e..e . . . . . . . . . . . . . . . . . . . . ..~e..e.  ~ i i
(d) Nesting Phenologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,’.’

3. Uncommon Wetland Breeders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . j.”
4. Upland Breeders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘~,’r’
5. Occasional Breeders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 l’)
6. Migrants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ) {0

Jeegers ee . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..e . . . . . . ..e . . . . . . . . . . . . . . . . . ..e...*..e.e.e...  j {3

Gulls .*e**.  e.** . . ..e . . . ..e . . . . . . . . . . . . . . . . . . .e...  * . . . ..*...  e..*. * . . ..*e**. e*. e..*.*... ‘> 14
1. Glaucous Gulls . . ..*. ***9* ..* . . . ..**.. ~... * . . ...**... .*  OO.  ee . . . . ..*. e.... ‘3 34

(a) Habitat Use e. Oo*.  * Leo.. *.*.** ● . . . . . . . . . . . . . . . . . . ..oeooo..  eo..  e. 0 534
(b) Seasonal Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 537
(c) Geographic Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 537
(d) Nesting Phmology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5Y
(e) Food Habits . ..*..  e*4..  *.e...  e. . . . . . . . ..+  . . . . . . . . . . . . . . . . . . . . . . . . 541
(f) Population Increase oo..., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..e. ~AI

2, Mew Gull . . . . . . . . . . ..ee . . . . . ..e . . . . . . . . . ..e . . . . . . . . . . . . . . . . . . . ..*eee  . . ..e.. +-J
3. Sabine’s Gull .oe. e**. e.*e**o*e . . . . . . . . . . . . . . . . . . ..* O.** 0.00..00* ..0. 00.00 ,<; :
4. Black-1 egged Kittiwake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54~1

Terns ., . . . . . ..0 . . . . . . . . 0, . . . ..ne . . . . ..e e..  . . . . . . . . . . . . . . . 0 . . . . . . . . . . . . . ...0..... 0.099 547
1. Arctic Term . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~~~ 547

(a) Habitat Use . ..e . . . . . . . . . . . . . . ..e . . . . . . . . . . . . . . . . . . ..o . . . . . ..e... 547’
(b) Seasonal Use . . . . . . . . . . ..0 . . . . . . . . . ● ***.,..*.*..*..*.*****,.***. 5/!+7
(c) Geographic Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550
(d) Nesting Phenology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550

2. Aleutian Terns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..e..e  . . . ..e . . . . . . ..e.e..  550
(a) Colony Sites *e*. ***@* *9*. ***. **, e*e*** .**. *. C... *0**,,*,* ● eee**e 553
(b) Nesting Phenolog y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 554

Passerine . . . . . ..e..ee  . . . . . . . . . ..e . . . . . . . . ..o . . . . . . . . . . . . . ..a...a . . . . . . ..e...eae..0 556
1. Habitat USe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ 556
2. Seasonal Use .e . . . . . . . . ..e . . . . . . . . . ..**... *e.e.# . . . ..# . . . . ..e . . . . . ...**.. 5>8
3. Geographic Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . < j ~
4. Nesting Phenologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ . . . ..~~..  .;; L

Peregrine FdCOIE ~...e . . . . ..e...e . . . . . . . . . . ..e . . . . . . . . . . . . . . . ..e . . . . . . . . . ..o ‘~(, ;

357



(,' pOt GpiLq OO H
..eee..eo.*.,e.00.boe.o..eeoa,.,e.Ooøeo......,010Soeoo I

B EU6L71 DGUJB1J2 o itq
bi.Oqfl C ti

I". bL J,Mo: lLobpJG 2A26t1J2 OGOCG.
eø,o eeeee,ee.eeeeeoeeoee.

c....eDeGSOOS,,fl.s..eGG.fl.o..e.eflSO,SOQ.o,.Ø.e.,. 
abOO'i ibii(F 9W .1 

bOO9 lSIOtJ1d . isidBH IBloflIJ brie ebniJT W .0 
ine1noO doernoi8 

, aiidaH boo'I >!oucl Ga 

BbOOl ibçiiiT .1 
bOI ISIOJ ild 

TABLE OF C@W’ERWS [~ntinued}

Pege

VII. DISCUSSION OF RESULTS AND IMPACI’S .Q*ee  O*  OO*eo  O.eee*e@OO  eO**ee***ee

A Distribution of Habitats . . . . . . . . . . . . . . . . . . . . . . . . . ..~ . . . . . . . . . . . . . . . . . . . . . . .
B. Habitat Use, SeasonaI Abundance, and Geogr~phic Distri-

bution of Birds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O... OS*.O...
(2 Norton Sound Waterfowl Populations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

591
591

LITERATURE CITED e.eeeeaqooeo~se  mmeco.soeo  .aoee.  *.*eeeee.s*oemee  e...  oso*oe**..*ee.e..9  .a..  ssee.  (52?



M= OF FICWRES

Page

PJe STUDY AREA

1. CO&Stti sections e . . . . . ..*  . . . . . . . . . . . . . . . ..e...e..*.eee  . . . . ..*.*  m.* . . ..*.**.*. ~’,’~

v. SOURCES, MEll+ODS . . .

2. Locations of land surveys . . ..-..............................-....-.~ ,jx
3. Locations of wetland aerial surveys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40.;

VI. RESULTS. Put One: Bird Groups
A AU birds

4,

5.
6.

7.
8.

9.

10.

11.

B*

12.
13.
14*
15*

c

16.
17.
18.
19.
20.

Relative abundance of eight bird groups with three sur-
vey methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*@* eOea*aee*.eeeeeO  .ea0.*""". 41?
Seasonal abundance of Glaucous Gulls . ..e.  e* O...  *eO.  *.*..  *.*.  m ee.  ** 41;

Shoreline habitat use by all birds seen on shoreline
aerial surveys . . . . . . . ..e...e  . . . ..e . . . . . . . . . . . . . ..*.e.*.e*****.  e.e**0e0**e..*e0*  415
Habitat use by all birds censused on land surveys . . . . . . . . . . . 41,g
Seasonal abundance of all birds with three census
methods ..e...e  . . . . . ..e . . . . . . . . . . . ..o..ee  . . . . . . . . . . . . . . . . . . ..e..0..e..@.0m.40  e.eee0 4~~
Geographic distribution of all birds seen on shoreline.aerial surveys .e . . . . . . . . ..e  . . . . . . . ..e . . . . ..e.e...*  . . . . . . . . . ..*e.ee.a.O**eo.O  **m 4;~I
Geographic distribution of all birds on wetlands censused
on wetland aerial swveys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..**~.~~~.~. 4ZZ
Geographic distribution of all birds censused on land
surveys e..ee.  e . . . . . . ..*..  e . . . . . . . . . . . . ..ee  . . . . . . . . . . . . ..e...  e.ea. m...a.  ****.  **e*se  424

Loons

Habitat use by Arctic and Red-throated Loons . . . . . . . . . . . . . ...426
Seasonal abundance of Arctic and Rti-throated LOOnS o-.428
Geographic distribution of Arctic and Red-throated Loons 42~
Nesting phenologies of Arctic and Red-throated Loons . .. <78

Wat erf owl

Relative abundance of waterfowl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 )3
Habitat use by waterfowl ..e  . . ..e  . . . . . . . . . . . . . . ..e  . . . . . . . . . ..e . . . . . . ..e..  43/+
Seasonal abundance of waterfowl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 ~~,
Maximum late summer densities of waterfowl on wetlands. 43L?
June densities of waterfowl .,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ 441

359



ioXriic in.iq 26pp!lJ2 oes, So. 0,115,00 0000100000001,0,00 0,005050

4' 26B2OLJJ prniqøv O 2M91J2 flJ6 E2P 1c!A6L D6J
62OUJ WpIIIJq81JGG O 2MB1J2

4!IJ& bpGuoJo7 o 2MffIJ2 ""°'°"°"°",'' Q,.0,O..,,.0,G
Jo pA agj

Page

D. swans

E. Geese

25. Habitat use by Canada Geese  .e.ee...eeeem..  m.o.eee..eee  . . ..e  . . . . . ..ee 451
26. Seasonal abundance of Canada Geese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453
27. Migration routes of Uinacla Geese through Norton Sound

in late summer and fall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
2tL Seasonal abundance of Brant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457
29 .  Migra t ion  routes of 13rant through Norton Sound in. .spr~ng and In late summer and fall ee.aee..e~  . . ..e.aoe..ao.oeo  .eo..o  458

F. Ducks

30*
31.
32.

33,

34.
35*
36.
37*

Habitat used by ducks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469
Habitat use by diving ducks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471
Seasonal abundance of Pintai@ American Wig eons and
M~ds . ..e . . . . ..e...q  . . ..a . . . . . . . . . . . ..e . . . . . ..ee . . . . . . . . . . ..e...e.e  . . ..e.e  . . . . 472
Seasonal abundance of Green-winged Teal and Northern
Shovelers . . . . ..a . . . . ..e.a.mese  . . . . . ..m...a  . . ..e.ea  . . . . ..a.a..ee.os...  m.s.aeeeee*  473

Seasonal abundance of diving ducks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47A

Geographic distribution  of dwks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 478
Geographic distribution of diving ducks . . . . . . . . . . . . . . . . . . . . . . . . . . 48o
Nesting phenologies  of ducks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483

G Cranes

38. Habitat use by cranes e.qmaoa  . . . . . ..e.e...*.*o.o..  ao*..*...oe..oeeee..  a.*e.  490
39. Seasonal abundance of cranes . . . ..e..o.OOO.o..o  . . . ..o...ee  . . ..o..ea...  49s
40, Geographic distr ibution of cranes in spring md late

smerp 1980 .e . . . ..ae**.8a0*.  ea.*9...860*ae0  aae*4e..0..  **0...  a*aeea  . . ..me00*..  493
41. Geographic distr ibution of cranes in spring and late

swruner~ 1981 . . . . ..e.a.oo  . . ..o . . ..e.e . . . . ..oa*.e...eo  . . ..e.oe  . . . ..oo.e.eee..e..  494
42. Migration routes of cranes in Norton Sound . . . . . . . . . . . . . . . . . . . . 496

360



LIST OF FKWRES (Continued)

Page

I-L

43*
44,
45.
46.

47.

48.

49.

50.
51.
52.

Shorebirds

Habitat use by the common wetland shorebirds in June ..4.. 501
Habitat use by the common wetland shorebirds in July ,..,. 503
Habitat use by the common wetland shorebirds in August.. 505
Habitat use by the common wetland shorebirds at Koyuk.m July ~ . . . . . . ..* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~~~*...**~ 506
Habitat use by the cannon wetland shorebirds at Koyuk.m August . ..ee.  e . . ..e.e  . . ..e...e  . . ..e.a..o  . . . . . ..m  . . . ..e...ao..ee.e.  e . . ..eeo*e*e 507
Seasonal abundance of the connon wetland shorebirds on
tundra habitats .~ . . . . . . . . . . . . . . . . . . . . . . ..e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..e...  511
Seasonal abundance of the common wetland shorebirds on.shorellne habitats  s.eo  . . ..eo  . . ..ee..e  . . . ..o.e  . . . . . . . . . . . . . . . ..*e.  ode . . . ...*... 512
Nesting phenologies of the common wetlands shorebirds . . . 523
Bristle-thighed Curlew .e . . . . . . . . ..o  . . . . . . ..o.a . . . . ..e...eee.ee  . . ..e...s  . . . . 528

Seasonal abundance of upland shorebirds . . . . . . . . . . . . . . . . . . . . . . . . . 528

J. Gulls

53. Habitat use by Glaucous Gulls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 536
54. SeaSOnd abundance of GIaucous GUHS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 538
55. Geographic distribution of Glaucous Gulls . . . . . . . . . . . . . . . . . . . . . . . 539
56. N&ting phenology  of Glaucous gulls on Norton sound

wetlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 540

IL Terns

57. Habitat use by Arctic Terns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 548
58. Seasonal abundance of Arctic Term .e.e . . . . ..e.e . . . . . ..e.e  . . . . . . ..e. 549
59. Geographic distribution of Arctic Terns on Norton Sound

wetlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ . . . . . . . . . 551
60. Nesting phenology of Arctic Terns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 552
61. Nesting phenology  of Aleutian Terns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 555

L. Passerine

62. Habitat use by passerine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 557
63. $easond abundance of passerine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 559
64. Geographic distribution of passerine on Norton Sound

wetlands . . . . . . . . ..o . . . . . . . . . . ..e  . . ..e . . . . . . . ..e . . . ..e . . . . . ..ooo . . ..e.ee.e.eo*aeeo  560
65. Nesting phenologies of Sa%wmah Sparrows and Lapland

Lonspurs  . . . . ..e...e  . . . . . . . . . . . . . ..e  . . . . . . ..s..e.*.*ae.aeea  . . . ..ee.eeoe..eam.  ee.e. 562

361



FI&L OL 1ICfi1E2 (CovuTUnGq)

noiioM ni b,idocI id nss viaI eaii nommoD 
briuo 

bnuoe iioJioM in sbrm lo sID'D OIIJ 
a9bim o rioi.tqmunoz bits ebicn o 3Dflabfluda Ianoaaea 

bnoq ibflui sw ho sbi deiorla d 
asbim b aoiiqmirano9 bits aebirn to erwbnud8 Ino?.se 

stidsd 1sioflh1 cit bitdeorfa d 
burn cii sitisnsb twid9h9vni o noiudhiib ocisupsiI 

........aisfldsd thioflhl bna abnoq Bbf1u Xw moib e9IqrrI2e 
w moil aIeqiqbn88 bsBrnLaqirne2 10 23fl9Tho9 drnoia 

aBJ1dBI1 IaioJii1 bus s ibnuJ 
sibnu 9W moiI aisqiqbrwB lvI3iaeW lo aineJ11o9 rk,srnot8 

aJ!StIdBIi Iaioi3iI bits 
Iaioitil bits sibrw i9w rno'ib ciUnuG bo nsino dsrno 

Si! 
i9W moib eqois1siiq nscliioI4 bo ain9inOo rtosrnoi2 

tsji dsui £sioli1 bus s ibnui (aritj, aIr1uQQ1J) lisT a9'1aM 

bu GL! 1J62 ! U 4 OfOU aonuq
pLq2 1S6ta rijj yLG!G JJ6LI7a 9Uq

e oucsj pnuqmc o jooir M9GI4OM? GI.UG2 2p0L6.-

Page

66,

67.
680

69,

70.

71.

72.

73.

74.

75.

568
572

573

575

579

581

582

584

585
588

w.,. ,



LIST OF TABLES

Page

1. Habitat lengths in 15 coastal sections of Norton Sound . . . >&17

v. SOURCES, METHODS . . .

2. Lengths of coastal habitats censused by land surveys,
1980 and 1981 . . . . . . . . ..e  . . . . . . . . . . ..a . . ..e . . . . ..e  . . . ..ose..eme..am.  e...e..e.  L+QL+

3. Lengths of shoreline habitats surveyed by air in Norton
Sound, 1980 and 1981 . ..eu  . . . . . . . . . . . . . . . . . . . . . . . ..*e*  . . . ..*r.  *.r.  * . ...*..* 407

w. RESULTS, Part One: Bird Groups

A AU Birds

4. Habitat use by all birds on shoreline aerial surveys . . . . . . . . L+17

C Waterfowl

5. Maximum late summer waterfowl population on wetlands . . . 4?7
6. Waterfowl populations in June, projected mean values . . . . . . 44;’

D. Swans

7. Peak numbers of swans observed on wetland aerial sur-
veys ee . . . . ..e.e..*..e  . . . . . . . . . . . . . . . . . ..o.e . . . ..qe..*...e.*.e.  e*...9e*e00.*0*  e0*ee4e  445

E. Geese

8. Maximum counts of Qmada Geese at Norton Sound wet-
lands ..m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..e..*~..e  . . ..a.e.a*em..*m...  ~.e'.~*.o.  454

9. Maximum counts of Brant at Norton Sound wetlands . . . . . . . . /+59
10. Snow Goose sightings in Norton Sound~ 1980 and 1981 . . . . . 46.’
11. Emperor Goose sightings at Norton Sound wetlands, 1980

and 1981 . . . . . . . . . . ..e...e...e . . . . . . . . . . . . . . . . . . ..e . . . . . . ..*... e..o*+..ae*.eeee.  4(>4

F. Ducks

12. Relative abundance of dabbling ducks in coastal Norton
Sound . ..* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*.* . . ..~..*+ . . . . ..*..  ~ . . . . . . . . . . . . . . . . . . 45{,

13. Relative abundance of diving ducks in coastal Norton
Sound . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.~...~ . . . . . . . . ..~" . . . . . . . ..~.~* . . . ..".~.*..*.  468

363



FILL Oh LYRFEe (c01J1!UflGq)

bVG

VI.

VII.

15.

M*
17.

G

1$.

H.

19.
20.
210

22*

23.

J.

24.
25*
26,

14, Maximum projected duck populations at 12 wetlands in
Norton SOtlltd .* . . . ..0.* .oo...OS . . . ..*.. *.*.*. ee . . . . . . . ..*.* . . ..0*.*~.*~**.~0o.*  /tgl
Nesting phencdogies of eleven duck species in Norton
soundr 1980 and 1981 .ee*Oeee  Oe.  *ee0aa*05*  *m0a*a0*e*e9eeee*  e. O***e  O*  O**e  O*

/!&

CMnvasback sightings in Norton Sound~ 1980 and 1981 . . . . . 486
Redhead sightings in Norton Sound, 1980 and 1981 ~........  L:”

Cranes

Maximum projected crane popuhtions at 12 wetlands in
Norton Sound .m . . . . . . . . ..e.a.e..ae.o.e . . . . . . . ..ee...eee..eme.ee@ eoe.eoeeSe.eaea 497

Shorebirds

Relative abundance of shorebh’d~ in coastal Norton Sound 499
Surmnary of shorebird migrat~on m Norton Sound . . . . . . . . . . . . . 509
Shorebird breeding populations on Norton Sound wetlands
in June~ 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . ..0 . . . . ..0 . . . . . ..0..  ~O+~*.e*...~O~* 0.** 510

Shorebird  post-breeding populations on Norton Sound.wetl~ds 1~ J~y ~d Augustt 1980 .e..OOO.  oe..ao.sos*..*...  o...e.e.

Small shorebirds on wetland air surveys in September
19$0 e* OOame*s.  es b.*eaeew  Om*o  e.9aeee0**0  vs*eO*eeeOeeeeeee*  eee*eOeeOeeee  ese*ae00.0*4

Gulls

Relative abundance Of gull~ 1980 . . . . . . . . ..* . . . . . . ..~.* . . . . . . . . ..e..
Glaucous Gull population age structures . . . . . . . . . . . . . . . . . . . . . . . . . .
Sabineqs Gull sightings in Norton Sounds 1980 and 1981 .

TROPHK3

27. Shorebird food habits summarized .o . . . . ..eoo...eeeeo  . . ..e.ee..e...eee

28. Prey availability in pond margin mud and littoral mud . . . . .
29. Stomach ecmtent, wet tundra pond edge and littoral

feeding shorebirds compared . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
30. Faunal comparison of mud substrates from wet tundra

ponds ~d littoral shores . . . ..e . . . . . . ..o...e...s..e~  . . . ..e.e.e..s...s  . . . .

31. Stomach contents of adult and juvenile dabbling ducks . . .

DISCUSSION

32. Summary of shoreline habitat lengths in northwestern,.
northeastern and southern r eg ions of Norton Sound .e . . . . . .

33. Surface areas of lagoons and other proteeted  marine
waters in the northwest$ northeast, and south coastal.reg 10nS of Norton SOUti . . ..e . . . . . ..oe . . . . . ..0.. e*..9. *..eO.eOao*a~eOO  oos0

519

521

535
543
54?

55’/
570

57?

57$
587

593

594

3b4



Page

34.

35 e

36.

37.

38.

39.

40.

41.

42.

Patterns of habit~t use and seasonal abundance for.eight bird groups In coastal Norton Sound . . . . ..s*G . . ..**. G.....
Habitat use and activities of Norton Sound birds during
spring migration, breeding, and post-breeding period s.....
Spring migration and breeding populations of the cormnon
birds on Norton Sound wetlands, 1980 and 1981..., . . . . . . . . . . .
P~t-breeding populations of cormnon birds on Norton
Sound wetlands, 1980 and 1981 ****a  e**  O*.  **., eee Oe***.  **0*.*  aeOe**.  O*m

Populations of selected bird species which were most
abundant in habitats other than wetlands, by coastal
sections Norton Sound, 1980 and 1981 ● .e*. *.*** .*ae O.*0*0m*e8e .aea

Regional populations of birds during the breeding and
post-breeding periods in coastal Norton Sound in 1980
and 1981 .*e. e*s.. .* O**a*~~.. ~~ m.. e.a*. ~... ~~*~*** *** . . ..*.. *... *0m . . . ..**.. e*OO. *
A comparison of Norton Sound waterfowl populations to
those of the entire eastern Bering Sea . . . . . . . . . . . . . . . . . . . . . . . . . . .
Relative susceptibility of common Norton Sound birds to
disturbances in nearshore habitats., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Expected levels of oil development related impacts on
common birds in Norton Sound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

596

59$

600

602

(505

60?

614

4~o

621

365



LIST OF APPENDICES

Pt3ge

1.
2.
3,
4.
5.
6.
7.
8.
9.

10.
11.
12.
130
14,
15,
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.
30.
31.
32.

33.

34 ●

35.

Land surveys, 1980 0, . . . . . ...0.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,eee ****.... (, 20
Land surveys, 1981 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...**. ,.,;~
Aerial surveys, 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~~ . . ..**~.*..."  !,.tf~
Aerial surveys, 1981 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~*.~**~~.~**.~o~  (,~+~
Wetland aerial surveys, 1980 ., . . . ..0. .Os ...0. Oo. oeeoo*o*P. e**.  0.,...000 (’)[+5

Wetland aerial surveys, 1981 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~~~.~. [,j+’7
Birds collected . . . . . ..e  . . . . . . . . . . . . . . . . . . . . . . . . . . ..e  . . . . . . ..ae...a..e.aeeo.  oe. (.;+~

Semi@ mated Sandpiper stomach contents, aduIts . . . . . . . . . . . . . i ,I,Z
fkmipalmated  Sandpiper stomach contents, juveniles . . . . . . . . . . ,-,~ 3
Western Sandpiper stomach contents, a@lts..., . . . . . . . . . . . . . . . . . ~,:J4
Western Sandpiper stomach contents, juveniles . . . . . . . . . . . . . . . . 655
Dunlin stomach contents, adults . . ..e...e . . ..e . . . ..6e*@.ooe.eo.* @..o.e (j56
Dunlin stomach  contents, juveniles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 657
N o r t h e r n  Phalarope s t o m a c h  c o n t e n t s ,afilt s . . . . . . . . . . . . . . . . . . . 658
Northern Phalarope stomach contents, juveniles . . . . . . . . . . . . . . . ~,50
Mallard stomach contents . . . . . . . . . . . . ..~ . . . . . . . . . . . . . . . . . . . . . ..~ . . ..~~...  ,.,;~~
Pint&il stcmach contents . . . . . . . . ..e . . . . . ..e..a . . . . . . . . . . . . . ..e~o~..~-.~..~ ,,[; l
American R’igeon stomach conten@ . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~~...  ,.,,;,Z
Northern Shoveler stomach contents . . . . . . . . ...*..... . . . . . . . . . . ...0..

Green--winged Teal stomach contents
(’A ;3

.  .  .  .  .  .  . . . 0 0 0 . . . 0 0 . . 0 0 . . . . . . . 0 . .  -  /t. d>+

Aleutian Tern colony locations, Safety Lag oon . . . . . . . . . . . . . . . . ~,6i,
Aleutian Tern colony locations, Brevig Lagoon . . . . . . . . . . . . . . . . ~ ,(,~,
Aleutian Tern colony location, Moses Point . . . . . . . . . . . . . . . . . . . . . ~,,F7
Aleutian Tern coIony location, Unalakleet . . . . . . . . . . . . . . . . . . . . . . . ~,68
Aleutian Tern colony location, Golovin . . . . . . . . . . . . . . . . . . . . . . . . . . . . , ,(,0
Species list of birds, seasonality  and habitats . . . . . . . . . . . . . . . . ~70
Map of coastal habitats from Wales to Brwig Lagoon 0000C 679
Map of coastaI habitats from Brevig Lagoon to Woolley
Lag eon, including Port  Clarence,  Grantiey H~bor~
‘Ihksuk Channel, and Imuruk Basin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.. Ago
Map of coastal habitats from Wool.ley Lagoon to Nome . . . 6~
Map of coastsd habitats from Cape Nome to Bluff . . . . . . . . . . . ~,g7
Map of coastal habitats from Bluff to Elim . . . . . . . . . . . . . . . . . . . . . {.s3
h’hip of coastal habitats from Mm to Point Dexter?
ineludlng Norton Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..e~~~..**".""~ ~,$~
Map of eomtal  habitats from Cape Denbeigh to Una-
laldeet .ee . . . . ..e . . .. S . . . . . . . . . . ..e.ee . . . . . . . . . ..e . . ..e.m.o..ooee..  e.ee.Qe.e...e.o  ~~-,
Map of coastal habitats from Unalakleet to St. Michael
Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 . . . . ..0. .900... .*e*e**..  e.OO . . . . . . . . . . . . . . . . ‘5ti\

Map of coastal habitats from St. Michael Bay to Apoon
Mouth of the Yukon River, including Stuart Island . . . . . . . . . . ,x7

36/



Page

36. Pe3agic bird observation in Norton Sound
cent Bering Sea, July 1975 and September

and the adja-
1976 . . . . . . . . . . . . . 6%%

368



‘MS projeet’s pi%mry objeet.iwes were the d e l i n e a t i o n  of coastal  bird
habitats  in Norton ~01.!lK! and Cia?um(i!ntation  d’ their bird use, @XWV~tiOnS
of temporal mcl geographic patterns  of b i r d  abundame were made fran May
through Oetober 1980 and May through September 1981 to provide OCSEAP
with data on the habitats and areas mcst important to large numbers of
birds. With this information OCS-relat ed impacts on Norton $ound birds can
be amtieipated and mitigated.

‘I’he coast  of Norton Sound i’ran the eastern margin of the Yukon
Delta to Bering $trdt contains many habitats: cliffs~ uplands? wet]andst
hgomsP  and embayments. It is perhaps the mat varied shoreline in Alaska.
Unlike other extensive coastal  wetlands of the state~ the wetlands of
coastal Norton Sound are located in pockets between cliffs  and other raised
relief. These wetlands (wet tundra) had the highest bird densities of all
habitats in Norton $ounc$ supporting major populations of breeding shore
birds and sane breeding waterfow~ as well as shorebirds, eranes$ and water-
fowl migrating to cm from mostly arctic breeding grounds. In other areas
(except Cliff eoloties)  bird use of Norton Sound coastal  habitats  was sparse.

The littoral habitats of Nceton Sound showed major variability in bird
use. Protected {hagoonal)  waters supported many swans, geese9 and ducks
in late aummer9 especially near areas of wet tundra. ‘Lhprot eeted (exposed
to surf’] littoral habitats typically had low densities (except for cliff
eoloriesp kg e gulls in fall, and shorebirds feeding at Koyuk from June
through &iU~USt)e ‘I%e low bird densities of the exposed littoral and
offshore (Appendix 36)8 in contrast to the high densities of wet tundra,
demonstrate the low productivity of the Sound~s marine waters.

The areas of Norton Sound richest  in birds were found between Cape
Nome and Cape Denbeigh in the northeast and immediately southwest of
Stebbins i n  the south. Except for the Imuruk Basin in the interior of
Seward Peninsul& the northwest was relatively bird-poor. Most waterbirds
of the Norton Sound coast  were found in the twelve wetland areas iden-
tified in this report. “i%ereforq many impacts of B devekment on Norton
Sound birds could be decreased by not siting activities in wet tundra.
There are other habitats in Norton Sound with low bird densities where OCS
development imgmeta orI birds WmMM be minimal.

The potential impacts of oil spills in wet tundra areas are large9 since
oil adheres to the vegetation and sediments of wet tundra, and many of
these are= are asaoeiated with lagoonal systems periodically flooded by
autumn storm surf. Low offshore and littoral bird densities in Norton Sound
m e a n  that  spills not entering lagoons or f o u l i n g  mudflats or wet tundra
shcmld affeet re la t ive ly  few birds (except  for  sp i l l s  near seabird cliff
edonies). TM is tme only in t h e  Sound proper$ as t h e  adjacent o p e n
ocean supports high bird densities. Development may also impact wetland
bird p~tiatiom indirectly t h r o u g h  inere!med hunting and other abuses
accompanying growth in the loe al human population.
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‘R&4 project  was designed to delineate  the coastal  bird habitats  in
Nofton Sound nd to document their use by causing bird populations found
in those hab i ta t s .  In 1980 and 1981 coastal  habitats  of Norton Sound were
eensused f r o m  Cape Prirme of Wales south and east to the northeast  end of
the Yukon Delta. E~h~is of f i e l d w o r k  was phcwd cm bird use of shore-
lines a n d  littoral h a b i t a t s  with speeial attention  given to hrg e areas of
wetlands.

Maps delineating coastal  habitats  based on topography and our obser-
vations are presented, Habitat Use$ seasonal abundance, and geographic
distribution are described for the common wat erfow~ shor~hds$  gulls, loonsg
eranes~ and songbirds. An analysis d food habits of the more common
ducks and shorebirds is given as well.

(1) To identify and delineate the major bird habitats  present on the
Norton Salncl Coast.

(2) ‘To assess the seasonal abundance of birds in these h a b i t a t s .
(3) ‘I% d e t e r m i n e  those areas and habitats  0% coastal  Norton Sound

that are most critical to birds.
(4) ‘ I ’ o  XSess the food dependemies of the most common birds.

Oil explorations  exploitations &nd @mp@tation  will ‘nave a wide range
of’ impacts on eoastd W csystemse M a n y  of these impacts will be phnned~
such as the location of onshore facilities. howldg e of the areas a n d
h a b i t a t s  that are most ~ortmt to birds will allow the placement of facil-
ities in Icmations where impacts will be low. For unplmned eat-ti~~e
ewents~ such as oil wU% knowledge of an area and its habitats will allow
the impact of an unplmn~ event to be mtieip~td, and thus  mi t iga t ing
measures ean be used to minimize tie impaete This report also p~tid=
itimmation Mat can be compared to pest-development data to assess
changes associated with development. maets 011 SpEK?ifiC  bil%%  amd
habitats  are elaborated in the discussion section.
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111. CURRENT STATE OF KNOWLEDGE

l%. Early  work

Knowledge of the seasonal abundance of birds and their habitat use
has been an integral part  of the consciousness and lifestyles of the native
peoples of Norton Sound for several mil.lenia. The earliest evidence of
human occupation of Norton Sound dates to 5,000 years ago (Giddings
1967). Native awareness of bird life was, and is~ traditionally utilitarian,
though legends and mythology about animals were also part of n~tive
cultures,

Western science made its first observations of bird life in Norton
Sound when ‘IUrner (1886) and Nelson (1883$ 1887) recorded their obser-
vations of birds~ mostly at St, Michael. Nelsonfs (1883) note on Spectacle
Eiders west of Stuart Island remains one of the few reeords of molting
arew  for these  ducks. Grinnell (1900) made observations at Cape Nome
while gold mining, and McGregor (1902) collected a variety of birds in
Norton Sound~ though his notes offer little insight into their abundance.
Hersey (1917) made useful observations of abundance for the St. Michael
and Stebbhs area. M1.wie
observations (Gabrielson and

v i s i t e d  St. Michael in 1920~ obtainirtg a  few
Lincoln 1959].

Be Eie(?ent work

Bailey (1943~ 1948) made extensive notes on birds at Wales nd points
north~ providing a sound basis for comparison with more recent observations.
Birds of Sledge Island were reported by Cade (1952), while Kenyon and
Brooks (1960] published observations of birds on Little Diomede Island.

Kessel (196$] has listed birds observed on the Seward Peninsula during
extensive surveys$ and made an outline of the bird habitats in Alaska based
in part on this work (Kessel 19’79), A ecxnplete report of her work is
forthcoming. I-L Springer (formerly of Nome) is also preparing a publication
on Seward Peninsula avifauna gleaned from numerous years of residence and
travels thare.

Much of our understanding of the bird Mfe in Norton Sound has come
during the past two deeades~ with ANSCA (Alaska Native Claim $ettiement
Act) and OK%HMP w o r k . Cliff colonies reeeived careful study by Drury
(1980) for the OSCEAP. His aerial surveys of the major wetlands in Norton
Sound and Mentifie ation of major information gaps provided direetion for
the present study. Another OCSEAP study (Shields and Peyton 1979)
described the abundance and seasonality of birds in the lnglutalik Delta



s o u t h  Qf Kcgndq this prcwicled si te intensive data  on a small areae Other
CHXAP work i~hd= %%’dbyts &hiPbOti observations  in N@tOn SCW nd in
septmber 1976 OUl?$A ship Di=wwa)~ msmatiom from 2  alum ‘ t o  10
S@e%nber 1977 by Wdoodby ad Flirseh at WJales {in ~~~Of’S 1978), and
related WIOrk by Ihek (1972) and Flock and Hubbmd (19’79) o n  s@ng
migration at wales. Erekmmn (1981) reports a study of shorebird ~~ogy
r=went”ly mlmpleted at wales.

A saunmwy catalog  of seabircl colonies @ Alaska was reeently
iassernbled by the US I?ish and Wfldif’e service @OWhl et al. 1978). USFWS
indices of waterfowl p~tiatiomj derived in pm% from flights in the Norton
Sound are% are published yearly in their Pacific Ryway Waterfowl Reports
and Waterfowl Status Reports (U$F’WS and CW$ l$~l)e

Sununaries of waterfowl resources by King and Dau (1981) and of
shorebirds by Gill and Handel (19$1) for the e~twn Be~ing  Sea (i~luding
N o r t o n  Sound) e m p h a s i z e  littoral habitt%t use. These two works prtid e a
broad perspective lacking in the present. report,
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IV. SITJDY A M A

Norton Sound is a shallow embayment of the Bering Seas approxinmt  ely
220 km in east-west length  and 150 km in north-south length. It lies at
the northern edge of the Pacific Basin just south of the transition zone
from the subaretie to the aretie bioregions.  The coast  surrounding the
Sound emampasses as great a diversity of habitats as can be found any-
where along Alaskats shoreline. ~ese include cliffs, bays, lagoons, dry
r o c k y  tundr~  moist  tundr~  wet tundr% broad river deltas$ and s p r u c e
forests. Norton Sound shores are quite different from the coasts to the
north and south. To the south the great expanse of the Yukon-Kuskokwim
Deltas with low Coastal relief, is one of the most important wet tundra
areas in North Amerie& To the north the south side of Kotzebue Sound is
characterized by a barier island chain and associated lagoon backed by
sand dunes and wet tundra. Both these coasts have rather  homogmeous
shores when compared to the diversity found in NortorI Sound.

Norton Sound shorelines have several gradients from the southeast
corner at the edge of the Yukon-fhskokwim  Delta to ‘the Ber ing  S t ra i t .
Large expanses of wet tundra lagoons and broad river deltas are charac-
teristic of the eastern section of the sound, while west of Nome the shore?
in gemeral~ hacks such features~ with headlands being more common. ‘l%ere
is also a change in vegetatio~ with the flora  becoming more arctic in
nature closer to the Bering Strait.

While Norton Sound is part of the biologically productive Bering Sea,
the Sound itself  has a rather unproductive marine environment. This is due
to its shallowness (20 m) and a stratified water column that has little
vertical  mixing except at the western edge of the Sound (Muench et al.
1981). T$dal amplitudes are low, aver~ging less than a meter.

Ice first forms in protected waters in Octoberp with extensive ice
cover over the Sound by DecemberJ generally lasting through April. Snow
cover on land persists frcm hate September or Oetcber through May.

Norton Sound lies at the junction of a number of important flyways
for migratory birds, Many species that  breed on the extensive tundra areas
of the Alaskan North Shpe~ Arctic ~ada~ and Siberia use the Bering Sea
as a migratory pathway and pass through the rather  narrow Bering Strait-
Seward Peninsula area on their migratory passages. There is also the move-
ment of speeies that winter in either North America or Ada and breed on
the other continent. Many of these species cross the hlearwtie=+alearetic
boundmy in the region of Norton Sound.

The study area covered by this report is the coast  from Cape Prince
of Wales south and east to the Yukon-Kuskokwim Delta, Note that a strict
definition of the Norton Sound coast would be the area from Cape Rodney
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t.o the north edge of the  Y*on+u*okwh  DeIt.E@ @r imlusion  of Qw
Prime of Wales to Cape Rodney ww done in order to obtain m o v e r v i e w  of
bird use of the south side of the $eward Paimda. We ignored the Yukon-
Ku*&wh Ddtar since bird use of habitats  there has been well s t u d i e d  by
t h e  IX5FWS semice, which has jurisdieticm in the area (Gill and Handel 1981;
King and Dau 19811*

For the p u r p o s e s  of di=ussion  we have ditidd the study area c cmst-
line into 15 gmgrap~ed seetiom (Figure 0 An attempt has been made to
make each s e c t i o n  ns hmogenecws as pwsible with rwg ard to physiography
snd habita~  dtiwgh the sections are prhwfiy g~graphie in n a t u r e .  In
the following descriptions of each seetio% the pere entag e of shoreline
habitats  in each as well as the areas of %vetlandsn  in each w i l l  be g ivene
The habitats mentioned are defined in the next section of the report. A
brief indication of bird and human use is given.

19% Protected spits
18% Exposed spits
15% Proteeted  moist
13% Exposed dff’S
3% River delta
1% River mouths

Wetlmd Areislm

tundra/uplands

6.6 km~$ Brevig Lagoon.
Cape Prince of Wales marks the western terminus of the  Nor th

American continental  divide. This coastal section is typified by rocky and
mostly barren ground with steep terrain  in the wes te rn  part and a lagoon
system in the east.

‘Ten km of bedrmk cliffs and sloping talus hillsides extend southeast
from Wales ending at near vertical  cliffs  of basalt immediately west of’ Tin
CNM a small eo~ony of Horned
Gulls n@S On these OUt~rOPS.
Spersed with steep cliffs abut
lagoon. These are b~cked~ in
higher mountains to t.be ncwtR.

Puffinst PeKt@c Ckwmorantsp and Glaucous
Dry and mostly barren talus slopes inter-
t h e  shore f r o m  !Iln City east  to Brevig

plac=, by a 200 meteiw high plateau w i t h
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Brevig lagoon is Cwer 20 km kmg and is protmted by a fgynld
barrier bmch strip with 8 single channel  m the east end, a l l o w i n g
exehmge  of I&goon and Bering sea water, The lagoon is a eoneentraticm
point for ms.11 mmbers d waterfml BM shore birds$ whreas the nearby
substrates are mdcy9 *9 md sparsely  veg etat@$ thus  limiting productivity.

Bird use k gmer~y low w i t h  WeWionWy high poptiations of
@grating  s e a - b i r d s  and wat=fwl in qyin~ .f4M Me -m. SWIemfmk  h
this seatbn m=e W@S$ t-he T’h C@ M Fome s~tio~ and EWevig M i s s i o n .
Chum! sw=weys were wtid cm the beaches and kw tundra immediately
mx’th of Wds .mC1 along the shores and low tundra of EkWig ‘@goon.  No
w.ethml air surveys were fkwm in t.h is sedkme

People of’ Wales and l%wvig praetic e mlatiwly traditional subsistence
Iifestyk%.

30%
22%
19%
n%

8%
3%
3%
1%

2. BF*g Mission to -pe Muglm; Port ~uenee .Mexa
Shordinw%

Pm.fx?tecl spits
Exposed spits
Proteeted  moist tunclr@pls.nds
Pt’otet?tecl wetlands
Exposed moist titir~~lmds
Proteeted  cliffs
Exposed wetlands
River mouths

Metlmd &em%
13.4 km29 along south shore of Port CWreace.

TM spit of Point Spmea enebses  the 18 km w i d e  abayment of Port
Chreneq which has a variety of wrroutiing habitats  md s u p p o r t s  8
moderate population of migratory and nestiRg birds,

me bay itself  reaches depths of 10 meters and prxwicles the best
sheltered  mehorage  in the Bering Wr$cdt region; 19th century whalers used
it regularly  (E$rowa’ 1942]. Shore he is retdnd  later here than on nm.rby
c?xW* WaterSS ]mting  into em~y &m? in bQth ~~8~ and 19810 T-he long
western spit is of eowse  sand and fine gravel with poorly vegetated beach
ridges se rv ing  prhmfly &s HM)sting sites for gulls &and waterfowl. South-
wes te rn  shores are low and mc=ion~y f’loaled by high wind-blown tides
and we thus Vegetatd by salt  tolerant  phnt$. Ehxwbirds and waterfowl
eonc!!entrate there. Wutiemtern shores we backed by higher moist tundra

km long Jones spite *entywetw cM%3 meet the
of ‘1’eIler spit and =ppwt a colony of eormorsnts,
puffim.

and protwtd by 6
eastern  am%? south
!gull~ gummoti9  land



Teller is the only native village in this section, and it lies on the spit
separating Port Clarence frcm Grantley Harbor, It is home to a small
population of people on a subsistence economy though it is connected by
road to Home and the people make more use of commercial resources than
do people of more isolated villages. Several dozen Coast Guard personnel
staff a Loran station at Point Spencer.

Ground surveys were walked on the marshy wetlands along the south
shore of Port Clareme  and along the beaches of the long spit of Point
Speneer. Wetland aerial surveys were flown over the same marshy wetlands
as were walkede

3. mm-hey H&Tbtx and mksuk channel
Shmelina~

95% Ppotected moist tundra/uplands
2% Proteeted  cliffs
2% River mouths
1% Protected spits

Wetlmd  Areaiw
??ew and small.

Grantley Harbor is a well prot acted embayinent that receives fresh
water from Imuruk Basin via Tuksuk Channel and drains into Port Clarence
a t  ‘1’eUer spit.. Shorelines are mostly gravel with sloping and well-drained
tussock tundra. We noted minimal use by waterbirds, although spring iee
openings at the mouth and in llksuk Channel had resting ducks. About 1
km of low Cliffs at Six Mile Point support a very few nesting Cormorantsj
Pigeon Guillemots+ and Horned Puffins. Human use during the ie ~free
months is mostly by Teller residents summering at fish camps.

The area was visited on land for two days only (June 30 and July 1,
1980)$ when a few transects were walked along lMksuk Channel. No wetland
aerial surveys were flown in this section.

4. Imak Basin
Shorelin=%

60% Protected moist tundra/uplands
30% River delta

794 Proteeted  wetlands
3% River mouths

Weamd Ax’esxw
41.0 km2~ Agiapuk Del&$ Kuzitrin Delta.

This shallow basin is well removed from the sea and is enclosed by a
vsriety  of habitats  with a uniquely inland character. The north and east
shores are backed by low delta wetlands along distributary streams of the
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Agiapuk and Kuzitrin Rivers; these are
coastal  Wetlmds of Nmta sound. Other
steeper  slopes and moist tundra uplands.

sandier and shrubbier than other
shorelines are bandd by higher

the
and

5*

ikmund swveys were made cm the &iapm Delta cm the north side of
ba&n9 fmd wetlad aerial surveys were flown over both the the & iapuk

shordina:
46% Expcsed moist tundra/uplmds
16% Proteeted  moist tundr%iplsmls
13% Exposed spits
13% Prot ec$ted spits
10% Prot ect.ed wetlands

1% River mouths
Wetlmd ~e=~

6.$ kmz$ cm east shore of Woolley Lag eon.
‘?his section has a low profile of wcly beaches

outcrops that projeets  into a narrow stream of Alaskan
of this mast is fully exposed to the brunt of Bering

and occasional reek
eomtd water. Most
Sea weathert except

for a narrow 20 k; long lagoon s t r e t c h i n g  south from Cape DOuglEIS t o
cape  Wool.leye L@a.lly known as Wocdky Lagoaw t h i s  shallows brackish
enc?hxn.w-e  reeeives fresh water from the Feather and Tisuk Rivers and d r a i n s
‘* t w o  channels cutting through the beach ridge. The $irmk i s  the only
o t h e r  major riverp md drains dir~tiy into the sea s o u t h e a s t  o f  Cape
Rodney*

‘ T e r r a i n  behind the mast rises gently to l i m e s t o n e  hills several
k i lometers  irdand~ between tie Feather and Sinuk Rivers. Coastal tundra is
well drained SRd s o m e w h a t  xerie with a stony abstiate and a thin s o i l
layer.  Wetlmds are mostly limited to the shores of WoolIey Lagoo~ a n d
t h e s e  me s~t+~hd pool cmnplexes with wet sedge m e a d o w s .  Aquatic
pr~etivi~ at WmUey L~mn appeud lows and this  is possibly due  to  a
nutiient+omp  highly irmg tic sediment load delivered by the two rivers
and various small streams. The lagoon substrate is sandy with few or no
rooted plants. W a t e r f o w l  and mmes use the WooUey Lagoon area mostiy
as a stopover$ pwticdmly in springs though year t o  year use may be quite
variable 040 Spring erp pers. ecmn.le



Series of narrow pools and lakes on the frozen tundra lie behind the
beach fran Cape Woolley to Sinuk. ‘I%ese are fed by small creeks but have
no outlets to the sea other than seepage through the sand.

Bird use of this coast  is moderately bv~ while offshore to the north
on King laland and to the south on Sledge Island are major seabird
colonies.

Human use of
residents regularly
s t r i p  of Woolley
seasonally by King

this section is greatly limited by access. Some Nome
@avel the coast to Sinuk9 and a camp on the beach
LagoorI near the Feather River mouth is occupied
Island people. Subsistence on local game is of prime

importance to them.
Ground surveys were walked along the beaches and nearshore tundra

of WooUey Lagoo~ as well as on the beach north of WooUey Lagoon to
Cape Douglas. Wetland aerial surveys were flown from Cape WooHey to
SinUk$ approximately 1 to 2 km inland of the shore.

6* Nonle to Ca@e I?icxwe
sbordin=%

90% Expmed moist tundra/uplands
7% Disturbed beach
3% River mouths

Wetimd  Al=eswn
Few and small.

This short coastal strip is backed by a raised and sloping plti n of
moist tundra. This terrain has been heavily excavated by gold dredging,
creating one of the moat heavily modified landscapes in Alaska.

‘I%e Snake River mouth on the west end of Nome is contained by
concrete and steel jetties, rip+ap  and a breakwater stretches east 2 km to
protect the Nome waterfront. The sea beach is backed by a grwel road
frcxn town to Cape No?ne with concrete  bridges crossing several streams.

Bird use is quite low. Local dependence on waterfowl for food is low,
mostly because birds do not abound in this region. Much of the hunting
near shore is recreational or concentrated to Safety Lagoon east of the
cape.

Ground surveys were walked on the raised moist tundra approximately 5
km north of Nom and along the Nome River on both wet and moist tundra.
Beach tram+eets were walked 2 km east and west of Nome. No wetland
aerial surveys were flown in this section.
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26%
21%
21%
17%

8%
‘6%

< 1%

Exposed moist mdrd~lmds
Protected spits
Expexwd spits
Proteeted  moist tu~~~lmds
Exposed cliffs
Proteeted  Wetknds
River mouths

Wetl- &eu8
5 4 , 8  km2~ along shores of Safety Lagoon and .m.m%h Of Flambeau

md Eldorado Rivers,
This section resembles a flattened  crescent  wedged between two high

capes .  It presents  a diversity of’ hand forms and habitats  with heavy bird
Use and e=y &~e=S f’Or PeOPh?.

Safety Lag oon pmvid es the prineipa=l wetl=d habi ta t s .  A sandy s p i t
swings northeast  from Cape Nom to endue the lagoo~ and f r e s h w a t e r
input is provided by the Fhmbeau and Eldorado Rivers  Bonanza Slough a n d
TayloF Lagoon extend the Safety wet lands  in ~ narrow band eest t o w a r d s
‘I@kok$ Lagoon wat=s drain t h r o u g h  a main ehwnel  mid-lagoo~ md
SoIomon River water drains southeast of the old Solomon town site.  Depths
in Safety Lagoon Qvernge less than 2 meters~ and e x t e n s i v e  mud flats are
exposed at low tides. Widespread edgl’~$  b&dS develop over the surnmerj
thriving cm the brackish bath of nutiients  and rich sediments.

Steep cdiffs at ~pk& and Bluff higtiight .$ rocky  shore e x t e n d i n g
east  from Taylor Lag oon to Rocky Pointe These are the summer home for
large colonies of seabirds~ primip~y rmmres and kittiwakes$ x well a s
c? orrnom’Ns9 pllf fins$ and gulls.

The road from Nom runs along the beach spit to S&xnor+ p r o v i d i n g
ready WX?eiss  ‘to the w~dife rE?SOIUW@ at $flfety Lag OQn. $ubsistenc e
a c t i v i t i e s  are concentrated  near the road and upstream along the F’lambeau
a n d  Eldorado chmels. A relic mining camp at Solomon is oecasiontiy
occupied. SWsistenee peoples from White Mountain hunt seals b e t w e e n
T’opkok and R o c k y  Point and in the Past PwPle from Nom?, GOIOVin,  and
White Mounttin have gathad eggs from the seh~d colonies.

Ground s u r v e y s  were walked on the beaches~ wetlnds$  and moist
tundra surratiing Safety Lagoo% at the mouths of the Flmbeau and
Eldorado Rivers$ md near $olaon. Wetlmd aerial $wUwM?ys were fhwn’1 from
nyk?r Lagoon to the northeast end of Safety Lagoon and over the
Flambeau and EMorado River mouths.
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8. Rw& Point  to cape  Dal=by;  Cmfwin may
Shcwdines%

72% EXpOSed mOiSt tundra/uplsnds
20% Expc+sed cliffs
3% Exposed spits
2% Protected moist tundrahplands
1% Protected spits
1% River mouths

Wetlmd A&!?elws%
Few and small.

~o rocky headlands project south into the Sound to form Golovin BayP
providing only limited protection to the enclosed shores from stormy
weather. The bay is shallow with maximum depths less than 13 meters.
Terrain behind the beaches is steepest near the capes with low extensive~
sloping cliffs near Rcwky Point and Cape Darby.  Terrain is progressively
gentler towards Golovin at the head of the bay. Shrubby, moist tundra is
the predominant habitat on the slopes, and is home to songbirds~  ptarmigans
and other land birds. Coastal waters near the capes are feeding grounds
for diving ducks and cormorants. Narrow eelgrass beds are found near
shore at the head of’ the bay.

Peoples of Golcwin and White Mounttin hunt seals along the ice edge
on the bay% mouth and fish the bay for salmon in the spring and summer
and for other food fishes at other times. Mudf’lats exposed at low tides
provide eharns (Mya sp.)~ particularly in fall.

Ground surveys were walked irmnediately east of Golovin;  no wetland
aerial surveys were flown in this section.

9. Gdcwin Lagoon
Shorelin=:

52% Protected moist tundra/uplands
26% River delta
13!% Protected spits
9% Protected wetlands
1% River mouths

Wetlmd  Aresls$%
38.5 km2~ Fish River Delta$ including Kachavik wetlands,

A sand spit at Gdovin pinches the head of Golovin Bay and
c o n c e n t r a t e s  outflow from Golovin Lagoo~ a shallow~ t id my washed
enclosure, The Fish River Delta caps the head of the lagoon and provides
freshwater and rmtrient inputs. Distributional mudflats extend 2 to 3 km
southeast of the delta  at low tide. Both the bay and lagoon were river
valleys during glacial  tine.
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IO Xboe6q
X5O2Gq

XbOe6q

XbO26q
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SWbby,  moist
delta  on both sides
Nesting and migrant

tundra backs the beaches between G43hwin and t h e
d’ the Uagmn; eelgmass beds are fow=d near shores.
watafowl  and shorebirds ~and cm the delta wethmds$

cliffs  (generally low)
moist tundra/uplmds
wetlands
spits

10% Proteeted  spits
8% Protected  wetlands
N River mouths

Weamd Aresun
49.9 kmzg KWUk  ~d Kwik EWWS9 wet O f  Ko~uk: 15 e4 kmz,

southwest  of KfJyuk to hM.laf2*s Point @aM Head).
Low cliffs and uphands dominate the southwest end of this section with

forests of white spruce. Wetlands back the low coast to t h e  n o r t h e a s t
where wwt erfowl and sandpipers are seasonally *undmt.

A sandy spit s t r e t c h e s  11 km to Moses Pointy fmming Kwiniuk Xnlet.
Depositiorml fans of the Kwikp the Kwiniuk~ and ~~butilk Rivers b o u n d  the
inlet with pr@ctive marshy tundra. Low tide exposes extensive mudflats~
particularly ‘ b e t w e e n  the !Kwik River mouth and MM Head (Isaacs P o i n t ) .
FUrth= to the northeas~  in Norton Bay? a nwrow band of  low~ w e t  tundra
borders  the mouth of Koyuk River Met on the west. This reeeives modera te
use by watwfow~ pmtkdwly in Me mw and fall, Mudflats are
e x p o s e d  at low water and the beach is an eroding peat bank.

!People of Him hunt in the Kwiniuk Wet wetlmds and seasormlly
i n h a b i t  a smed,l village cm the Moses Point spit for eo+rmnemisd f i s h i n g .
Awess is now etzsier via a new road from Em to the former Moses Pojnt
I?w statkm and Ianding strip on the samd beaeh.

Ground -eys were walked on b caches and wetlands at the Kwiniuk
and Km River mouths. Wetlmd aerhal surveys were flown over these same
dtes~ as well as aver Ktiuk Inlet ims~de of the ‘M@es Point sp~t.
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11. Koyw  to ‘ape mmbeigh
shordina%

34% Exposed moist tundra/uphnds
29% River delta
17!% ~X~ed vveth.nds
16% Exwed cliffs
1% Exposed spits
1% Proteeted  spits
1% River mouths

Wetimd  hew%
61.4 km2$ south of Koyuk River to Ingluta.lik wetlandsf 9 .4  km2,

frcm Ungalik River southwest to Island Point.
Extensive wetlands bound the east shores of Norton Bay, C9n the

south end the high cliffs of the Reindeer Hills and Cape Denbeigh mark the
bay% boumdary.

‘f’he Koyuk River feeds freshwater into shallow Norton BayJ and over
tim~ has deposited its heavy load of fine-grtined  sediment into a broad fan
stretching south from its mouth. It joins the Inglutalik fsn to form a low
wetland coast 16 km long, providing productive nesting grounds for
shorebirds and some ducks. LQw eroding peat bluffs interface with
extensive mudflats that are exploited by birds when expcsed at low water.

Raised moist tundra and high peat bluffs extend south from the
Inglutdik fan to the Ungalik River mouth where a small delta system marks
the eastern  boundary of the low wetlands on the Roland Point Peninsula.
Reindeer C.ov~ south of Island Point is a shallow embayment serving as a
stopover site for migrant waterfowl, Its south shores are backed by raised
moist tundra running west to Point Dexter.

Cliffs and steep terrain descend from the west face of the Reindeer
Hill% providing well-populated Iedg e sites on the south end for nesting
murresg kittiwakes~ puffinsg wd cormorants.

Bird life is partkmlarly rich on the northwest shores of Norton Bay.
Koyuk people harvest wat erf owl from the nearby wetlands, and Shaktoolik
people have tr~ditionally egged the Denbeigh colonies. Southeastern shores
of Norton Bay are productive salmon waters? particularly near the Ungalik
Rivere

C&oand surveys were walked on the wetlands within 6 km of the shore
s o u t h  from Koyuk to the AI@ik River. Aerial wetland surveys were flown
over the same site and further south t.o the Inglutalik River.
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EXb026cI woa4 mJqLa\nbJ8uqe26%
16%
15%
14%
10%

9%
9%
1%
1%

Exposed spits
River delta
Exposed wetlands
Proteetecl wetlands
River mouths
Disturbed 13ewh

Wetlmd  Xeua
51A km2$ f’ron Denbeigh

W@3.kleete
This coastal  section features  a

high earth cliffs to the eas~ and
Rflalikfik Bay and the Sneak  River

to E3eeson Slough; 14.6 lanzt behind

kw-lying$ boggy wet.hmd in t h e  north,
low besalt cliffs to the very s o u t h .
inlet xweeive drainage from the  mois t

tundra of the Reindeer Peninsula and are f r o n t e d  by mud flats  @ low t i d e .
Shaktoolik  spit encloses ShAtool& Bays which reeeives fresh water from t h e
river by the swne name. The spit also directs  the flow of t h e  ‘T@goomenik
Riverp which s e r v e s  as a harbor md f r e s h w a t e r  supply for the vilkig e .
Beeson Slough$  10 km south of t.own~ is a brackish ‘lagoon” with n o  outlet
save for possible seepqg e through the beach ridge.  Nesting populat iOIM of
waterfowl and shorebirds are rather  low here for such a seemingly pro-
ductive expanse of wetlmds. Migr~t wat~fowl  cane in moderate numbers
in both spring and late summer.

Crumbling c l i f f s  back t h e  shore from Beeson Slough s o u t h  to
Unalakleet9 except for a shallow cut at Egatik. ‘T’he TJnahMeet River winds
through B .!mcwd valley south of which earthen Wf’fs again hang behind the
sho~ee These give way to low basalt elif’fs at !RWoi Pointe Mixed alder
and spruce woods dminate the v e g e t a t i o n  cm the uplands above the cliffs
south to Poker Creeks mdiatdy northeast  of Tdstoi Point.

Besboro Island lies 16 krn offshore of J u n c t i o n  C2eek and is s t e e p l y
shored. Hcmned Puff’inss Pdagk Cormorsnts$ and Glaucous Gulls n e s t  thereg
while a mm colony off ecwmorants~ gulls$ and puffins has been  repor ted  at
IR3htd @OWIS et tie 197 8}.

Coastal bird use is generally low tirwghout t h i s  seetione Waterfowl
We taken for wbdstence Purposes$ pwthdmly near Sh*toolW$ and
emenfti fiwng is a main source of cash inmne  for msny residents.

&wti Wweys were walked from the tip of Shaktoolik  spit south to
Beeson Slough on wetl~ds$ m o i s t  tundra? and beaches. In t h e  Ih@ddeet
wear Wweys were w~d from town 27 km south to Poker C r e e k  on
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beaches and nearby moist tundra and lakeshore . Wetland aerial surveys
were flown from $haktociik north over Malikfik Bay wetlands and also along
the Unahdcleet River upstream f ran town for 10 kme

13 e Tdstd Point to cape  Stephens
shordine8

88% Exposed moist tundra/uplands
8!% Exposed cliffs
3% River mouths
1% Exposed wetlands

Wetlmd Areas:
Few and small.

This is a rocky section with low basaltic cliffs extending its entire
length,  save for the low shores along St. Michael Bay. Bird use is
mo$erate to low,

A multitude of convoluted bays and rocky heads provide feeding waters
for Common Eiders~ scoters~ and other diving birds, These shores are
backed by raised, shrubby, moist tundra with numerous volcanoes and ancient
lava flows far to the south. Small seabird colonies occur at the more
prominent cliffs  including Cape Stephens. Egg Island, 15 km offshore at
Woo$ Pointp hosts a moderately large colony of murres~ kittiwakes, and
puffins (Sowls et al. 1978).

Saint Michael Bay is shallow with extensive mudflats at low tides, as
well as tidal eaRals and narrow wetlands. St. Michael Island is high ground
with low waterbird populations.

Subsistence waterfowl use by people of St. Michael is concentrated on
the wetlands to the west and SQuth of Stebbins as described in the next
section. Egg Island is so named for its traditional use by natives.

No ground surveys were walked in this section, and no wetland aerial
surveys were flown here, The St. Michael area was visited occasionally by
mall  boat.

14, $tebbins to Apocm Mouth, Yukon River
shordinw8

58% Expcad wetlands
3’7% ~XpCW?d lllOiSt  tmdra/uplands

5% River mouths
Wefl~d tieasn

169.0 km2~ southwest of Stebbins to Nokrot.
Low peat shores line this section of low relief. Birds concentrate on

shores especially towards the northeast on some of Norton Sound’s moat
productive wetlands.



South%wst  of Stebl)irq  the Iwmtuddd &md emd-ridden wemnd  ph%h-1
k home to dense Mstin~ ~O~d&tiO~ Of ShO~~tidS E@ sa’ne duek~ and
SerV@S * a fedillg Site far mmy WatafOW~. At NOkrQt~ the Imd ri$m
slightly to beeome shubby  moist tutir~ a fan of c o a s t a l  wetlwds  reaches
14 km e a s t  Of ApO’on Mouth to meet this, ~W tides ex~e a nar’row hnd
of peaty mudfhts  a l o n g  the shore and m u d  banks cm the canals. ‘llws$?
call~ hlllk$ r=eive eon~enbated  !X5e by feding shorebirds~ v&tie the
shoreline flats are rarely visited by W&t=fOW~ or shorebirds.

People of $tebbim and St, Miehad hunt e x t e n s i v e l y  on the fhts
southwest of St. Midmel Island for waterfowl.

Ground surveys were w a l k e d  on the wetlands and nearby moist tutira
s o u t h w e s t  of $tebbins and mostly north of the St, Mietmel Canal. Wetland
aerial surveys were flown over the same area.

M* Stum’t Iamd
Shordina%

93% Expcsed
3!% Exposed
2% Exposed

moist tundra/upknds
Cliffs
wetlands

1% River mouths
R?etlmd Mews

22.0 krn2% along the cross-island emml.
Shorelines of’ this island are low roaky dffs~ similar to those east of

halves,
of the
during

St. Michael. A wide canal cuts the island-into eastern  and western
providing rich wetlands along its shores. Bird IJSe p$mdkhi tht

$tebbins area, though N a lower M6Q9 and is espec ia l ly  prominent
migration,

~ndra above the elif’fs is well drained with occasional shrubs. A few
small groups of puffins and cormorants nest cm the northwestern and south-
western shores (Sowls et al. 1978),

The canal is a popular route for subsistence waterfowl hunters, and
the uplands have been used for reindeer grazing e

P o t e n t i a l  bird use of an area d e p e n d s  on the types and mnounts of
habitat  avaihble$ and the wdltifli~ of h a b i t a t s  is d i c t a t e d  by physi-
og raphy and erosion patterns. With this in mim$ we identified 14 sepwate
h a b i t a t  types along the Norton Sound c o a s t .  Eleven of t h e s e  are along
shorelines;  these me linear and contain the littoral  zone. Three are areal
and refer to tundra h~itits adjacent to the coast.. D e s c r i p t i v e  accounts of
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‘Ikbl~  1. El!dbittafi I=tis @inn) in 15 e?oastd  Seeticms of Mrtm S’oamd.
— .—

Expased shores Prota?ted Shm=e$ Other Shmefs
Area Ebim’ll?v$ $4c!Mr/$v? f+d@~7 ‘11-b%d

1.
2.
3.

4.
5*

6.
w 7.
m4 8.

9.
10,
11,
12.
13.

14.

15 ●

wales to Brevig 16*8 41.3 24.0 20.3 24.8 4.5 1.4
Port Clarence 8.8 3 . 2  25.0 3.4 21.6 15.0 33.8 0.7
@snt 1 Harbor snd

%
1.4 69.2 1.0 1.4

!lUksuk b o r
Illm’uk Mirl 45.6 5.5
co DoWJlas to Nane

22.4 1.9

(Wiley Lsgoon)
7 6 . 2  21.6 26.9 16.8 21.6 1.0

I“bnetoc.m 1’7.9 0.6 1.3
c. Ncrne tol?.ocky  Pt. 1 4 . 4  50.2 40.0 31.5 12.3 40.8 0.6
C?dovin My 1 2 . 5  44.0 1.9 1.0 0.8 0.8
Cblovin @goon 28.8 4.8 7.0 1 4 . 4  0.7
c. mrby to K#yuk 38.7 31.4 27.0 13.8 11.2 13.6 1.7
Koyuk to C. Lkrbigh 17.6 37.1 18.4 0.8 0.8 0.8 32.0 1.5
C. Dsnbigh to Tblstoi Pt. 21.6 39.4 14.2 21.0 13.3 2 5 . 3 15.5 1.7 I*4
?blstoi  Pt. to Stekbins 9.6 100.0 0.8 3.6
St&ins to Apoon Mouth 24.0 37.8 3.2
Stuart Island 2.2 69.0 1.8 1.0

133.1
111.5
‘?3.0

75.4
164,1

19.8
189.8
61.0
55.7’

137.4
109.0
153.4
114.0
65.0
74.0

————.———.—.-——-— —- .—
‘mm 133e4 539.3 1 0 3 . 2  148,1 4.8 245.7 78.9 169.5 88.8 21.8 2.7 1,535.4—— —------ -— ——— —.———- — —— .—— = . — —  ——

~iffs. ?iloist’Ihtia/L@  knds. $$letlmmls. 4Spits.  hiverllelta.  $3iver Mouth. 7Disturbed.
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below. ‘I’able 1 lists the lengths of the shoreline  habitats
of mast.
for’ segregating  habitats  was guide-d by deriptiom of

based on the terrain behind the beach
(a) Shoreline
0$ Shoreline

shrubs or
(e] Shoreline
(d) Shoreline

(3) We identified

backed by Cliffse
backed by moist tundra or uphmds
spruce.
backed by wet tundra (wetlands).
on a spit.
three additional shoreline habitats w

regard to exposure:
(a) Disturbed beaches, e~. at Nome and Unalakleet.
(b) River mouths.
(c) River d e l t a s .

with

thout

E!. Tundra – We ekssified  near shore tundra habitats according to
wetness. T h e s e  are areal in nature and d o  n o t  include the
littoral zone:
(1) Wet tundra (or wetlands).
(2) Sdt+whd w e t  tundra – a type of wet tundra (wetlands).
(3) Moist tundra.

It is fmportant to note ‘that while the shore l ine  habi ta t s  are linear~
the tundra habitats are areal of often extend several kilometers inland frcm
the beach. The differences in sampling these two classes of habitats will
be discussed in the Methods seeticm.
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2. Descriptions.
A. Shoreline Habitats

(1) Expom?d C%@3ts

(d Exposed e?cmsts with cliffs
Extent — 9% of shoreline.
Deseriptial — Nearly vertical rocks at least 5 m
high abutting the se% sometimes with a narrow roeky$
gravels or s a n d  beach, Often with moist tundra,
shrublands~ or spruce forest above the cliffs.
Substrate — Rock.
Veg etaticwl — Sparse on cliff  faceS ~d belOWe
Bird use - Principally used by local concentrations
of  seabirds~ murres, kittiwakes,  G l a u c o u s  GuW+ and
cormorants for nest sites irmcc essible to mammalian
predators.
ILOelatims — Extensive cliffs near Tln City, at
‘Ibpkok and Bluff, Rocky Point, Cape Darby from Pt.
Dexter to Cape Denbeigh on the Reindeer Peninsula,
and at Cape Stephens.
Oil Spill Vulnerability  – Low due to wave washing,
though seabirds resting on water near cliffs would be
highly susceptible.

(b) ExP=ed ck8StS with k%d$t Tundra or Uplands
Extent - 35% of shoreline.
Description — A general habitat including all
exposed shores back&l by fairly well-drained ‘terrain
with a gentle or steeply- sloping surfacq often with
sedge tuwocks and occasional tundra polygons. This
coastline includes many projections of rocky
shorelines.
substrate — Gravel or sand, sometimes with a
sloughed peat layer from eroding peat bluffst or
possibly with rock.
vegetation - Sctmc e on the beach, often limited to
$andwort @onckenya peploides)~  Beach Pea (Lathyrus
maritirnus)~ and various grasses (Elymus arenarius and
Q&ma rostis spp.) on s a n d y  b e a c h e s ;  with alders
‘eand willows &lix spp.) abutt ing the
beach where steep ground is present.
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Bird lust? — Limited to k-g e gulls$ and occasional
use by sandpipers and mngbtids for feeding in the
drift zone; occasional use by diving ducks and loons
offshore. Rocky shorelines are important feeding
areas for diving sea duels%
Lmatiens — Extensive and ~rmghout the sound.
oil spill Vulnwtiuity - Umwy low Qn sm~
beaehess moderate on gravel beadms$ and high where
the shore is a peat platf~m (Nmtm Bay) or along
basalt boulder beaches (Tblstoi !Point to S&. Michael),

Ex-d Cmast.s with wet. mndra (Wetlmds)
Extent - 7% of shoreline.
M=ription — f%mdines backed by poorly drd  ned
marshy terrain dotted with ponds amd lakes. Ne&rly
identical to river  delta  shorelines but not bounded by
river channels. This is one of tie ttme wetland
shoreline’ habitats.
SUbstiate  - Peat [often f r o m  a low eroding peat
bank) or sand~ rarely gravel.
veg etatiom — If the nesrslwe substrate is peat,

plant mmmmities include various grasses (Elyms$
@amqgPOStiS9  and with Pueeinellia in s a l t - w a s h e d
areas’) and/m various sedg~sPPo); ~ s~d or
gravel beaeh~ vegetation is -e and limited to
$landwor+~  lkach Peas and Lyme C&ass (Elyms
arenwius).
Bird use -- Variable; sometimes used as a feeding
area for shorebirds and waterfowl if mudflats sre
expmed at 10IN Wt?e
Lm!atimls  — Mcstly in Norton Bay near ShaktoolikJ
and southwest of St.ebbins.
Oil SpW ~u~nerab~ity  -  u$Utiy kw On sand

bemYIeS9 and high dOng
fran  Stebbins southwest

beaches$ moderate on gravel
peat bsnks (Norton Bay and
to ApOon Mouth).
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I@Mxsed coasts  with spits
Extent  - 10% of shoreline.
DeS’Criptkm - Sand or gravel besches on narrow
S@ts protecting 8 lagoon or within a similar body of
water.
substrate — Sand or gravel.
vegetation - Usually bare or with sparse clumps of
~l~s or sa.ndwort9 with Elymus forming the most
visible layer. Occ asionaldy with Crowberry (Empetrum
nigrum) and willow on higher beach ridges where the
- fairly wide (more than 100 m).
Bird use — Nesting habitat for terns; roosting area
for gulh+ terns~ and some wderfowl.
Lot? at ions - Brevig Lagoon, Port Clarence, Woo13ey
Lagoon J Safety Lagoon$ Moses Points Shaktocdik$ and
to a limited degree at Unalakleet.
w spill vulnerability -  usually 10W.

(2) m’oteeted shores

F’rote?eted shores with cuffs
Extent  - 0.396 of shoreline.
Description —  Nearly vertie al cliffs at least  5  m
high abutting a lagoon or other protected body of
water; sometimes with a narrow sand or grin@ beach
at the base,
SUb$tiate  —  RWke
V~g etation -- Sparse.
Bird use — Used for nest sites by seabirds that  feed
in shallow water, e,g. Pelagic C o r m o r a n t s$ P i g e o n
Guillemots~ Horned Ruffins~ and Glaucous Gulls.
Ii#@l?atimls =- Restricted to Port Clarence south of
Teller, and at Six Mile Point in Grantley Harbor.
oil spin Vulnertiuity -- High due to low wave
energy, though it is unlikely that oil would reach
these interior sites.
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(b) Yroteet@ shores with Moist mMra or T@a’aMse
Ext%m.t — 16% of shc)rdine.
h* Fipti@m9 substiat@9 @ Veg etatiom - similar
to theme g i v e n  for exposed  masts backed by moist
tundra.
ti&ti@m – The predominant habitat  in Grantley
mrbcx?y Immk Basiny and CM&win Lagoonp and
extensive in EMwig Lagoon$ Port Clmwmcf+ Wcmlley
L&igQOn$ EIRd safety Lagoone
(M SPM Vulnertifiity - Mderat.e  to high due to
low wave aetion$ pwtktimly Wkme mbstiate is peat
(some shores of’ Safety lagoon),

shoWine habitats.
Substiate - Almost always a low$ eroding peat bank,
with either a sandy or peat-laden flat  offshore.
Veg etatiom  - A  grass=swdge emutity including
E&Jlm.ls$ Calarrmgrostis$ E%mcinellia (in salt--washed
=’- and various sedg~x subspathaeea i f
Wtwmhd).
Bhrd use - (Men ex tens ive  use by f e e d i n g
waterfow~ less extensive use by shorebirds.
Lw&ti@ms - Port CMreneep mumk Basin$ Woolk?y
Lagoons $af ety Lagoon$  Gcdcwin Lagoons Mcses Pointg
Maiikfik Bay* and ShaktooHk  Baye
on spill Vulnerabuity -= High; t i d e  flats and
veg eta% ed zones will retain  oil for severtd yearsy
grass would die~ and many bhds would be exposed to
oiling.

(4 Frateeted shorw with spits
Extmt - 11% of Elhol%m-le.
Mmriptian — sand or gravel beuhf?s on narrow
spits  facing a lagoon or other prat~ted body of
water.  Often a eonwiuted  s h o r e l i n e  with side spits$
$PWS9 and m~ Wlbayment$p including pod etS O f
WWmnds md muddy ponds.
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substrate — Sand or gravel, often with a mud or
peat organic component.
vegetation – Usually more richly vegetated  t h a n
e x p o s e d  shores of spits~ with Elymus, Calamagrostisp
F’ucchUia~ and sedges. Crowberry may appro?wh the
water?s e d g e  w h e r e  beach ridge v e g e t a t i o n  has
succeeded the dune gre+ss stage.
BM use – Nesting habitat  for terns and shorebirds;
roosting and feeding area for gulls$ shorebirds, and
w at erf’owl.
Loc?llths — Brevig Lagoon, Point Spencer, Woolley
Lagoons Safety LagoonB Golovin L&goon~ Moses Point ,
Shaktoolik, and Unalalcleet,

(d River Delta SMbrdhes
Extent - 6% of shoreline.
Demription — AU shores between river mouths of
branching channels of the same river; muddy sand
flats ar~ often exposed at low tide and may be
extensive. This is one of three wetland shoreline
habitats. Extended to include similar habitat at the
e d g e  o f  clepo5itional  fans  in the Inmruk Basin, a t
Koyuk~ and near Shaktoolikt but not at Moses P o i n t .
This was a somewhat arbitrary exclusion; the Moses
Point+wik  River fan w a s  c o n s i d e r e d  t o  be b e s t
described as wet tundra (wetlands).
substrate — ?Jsutiy peat and sand matrix.
?!eg etatkm — Usually with a grass-sedge community
near the shore composed of Elymus~ Cdamagrostis,
PuccineUiaB ad sedges. Sometimes with a low marshy
mat of mosses and sedges beyond the grass-sedge
zone.
Bird use — Often very great for feeding birds,
particularly waterfowl and shorebirds. Waterfowl also
use it as an eseape from hunters.
L*ations - B&vig Lagoon
Rivers], Imuruk Basin (Agiapuk
Gchvin L a g o o n  (Fish River)?
lnglutalik River complex), and
River and nearby streams to the

(California and Don
and Kuzitrin Rivers),
N o r t o n  Bay (Koyuk-
Shaktodik  (Shaktoolik
north).
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Extmt - 1% of fhmiilineo
W*ripti@n - Water and neuby shore at. a river or
$&earn outiiow$ not imludi~ ehmd mouths or river
mouths of delta  systems.
Sabstiate - %6 and/cw silt.
vegetation -= Generally sparse due to flooding and
ice-flow at spring break-up
Bird KJse - Ducks, @.h39 and dlON?biE’dS concentrate
h these arase
LM@tiQm - h all coastal  sections,
oil spill Vmlneratiity =- Low (with sand substrates)
to mo$erate (with gravel substrates);  higher in
Bhdtered waters.

B. Wtira Hast&ts. The tundra htiit~ts listed below refer  to
meal h~itits e x t e n d i n g  from the coast  idad. TIIey differ frcxn
the prewding  comtiine  htii~b $n that they do not contain the
Iittord zones nor are they linear.  moughout  this repor’t ~~
often use the term ~etimdsn to refer to wet tundra h a b i t a t s .
Note that ‘wet tundraw and ‘-t+=hdw wet tundraW are lumped
in all Wdys= of !rmbita%s and that the meal tundra h a b i t a t s
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occur inland of other shoreline habitats, discussed above,

wet ‘n,BSMk=llt (Wetimds)
De*r3ption — Low, poorly drained ground usually with m
abundance of lakes and small ponds and wets grassy
meadows. Includes wet meadows wd small patches of grass
meadow described by Kessel (19’79),
substrate - Organic layers.
Vegetation — Sedges, cottongrass  (~riophorum  spp.) with a
moss (Sphagnum most common) underplayer dominating the
wetter  areas. Dwarf birch and heath mats cover slightly
raised terrain.
Bird use! — Principal nesting grounds for small sandpipers,
many waterfow~ and loons.
Locations — Throughout the Sound? particularly the
eastern  endg on river deltas and near lagoons.

Sdt-Wmhd Wet ‘lt,nndrae
Description — A type of wetland (we sometimes had
difficulty distinguishing this type from rarely flooded
wethndst  and they are lumped in all analyses of habitat
use by birds). Low-lying terrain subject to saltwater inun-
dations, usually at the highest tides or during periodic
stornlse These inundations generally oeeur one or more
times each yew. Equivalent to the salt grass meadow of
Kessel (1979).
slabstr&te - Often sandy~ with silt and some org anic?s.
Vegetation — Characterized by salt-tolerant grasses and
sedges (Puce inellia phryganodes and Carex subspathacea).
Bird use — Nesting area for some~ebirds, wat erf ow~
gulls~ and terms.
Loeatk$ns — Limited to the lowest areas of wetlands,
including those at Wales, Port Clarenee~ Woolley Lagoon,
Safe ty  Lagoon$ Golovin Lagoon~ Moses Points Koyuk, and
Stebbhse Also very cmmnon eoastally on the Y-K Delta.

o) Moist ‘run’db?a m I.?phmds
De*ription - Raisedt gently to steeply sloping ground
with hummocks and/or tussoeks. This is mainly the dwarf
shrub meadow and dwarf shrutxnat habitats of Kessel (1979),
but also includes her taller shrub habitats.
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sahstrd!e - Orgtie~ probably thinner than cm wetlands.
vegetation -- On moderate s.lopesj  tufts  of eottcmgrass or
o t h e r  sedges form tussoeks with i n t e r s t i t i a l  mosses md
lichens. F l a t t e r  ground is usually ecwerad by a dwarf shrub
and heath mat with a basal layer of mosses EWI colorful
lichens. The dominant shrubs are prcistrate willows, dwarf
b i r c h  Qetula nma)9 Crowberry~ L a b r a d o r  Tea (Ledum
palustre)r and blukwrries (Vaeeinim spp.).
~om – Govers extensive areas in ecmsta.1 Norton
sow-d.

Most of Norton

On t.h e ~OW wetlands
of wet tundra (wet

c% Wetimds  ‘of Norton  sound

$ound?s birds {except cliff’-nesthg species) concentrate
near the coast. These wetlands are primarily expanses
m e a d o w s  and salt grass meadows of ‘I@ssel (19’79))~

although each wetland is unique from all others due to i~ size, substrate,
vegetative cover? frequeney of coastal floodingp number and density of lakes
and ponds~ and presence of a river delt.a$ lagoon with barier spitsp amd tidal
cantds or channels, These wetlands are presented below and our census
methods are indicated (land survey = L& wethnd  aerial survey = WAS; see
Chapter V). $ome of the information given below appears in Seetion &
‘Physiography$ff  of this chapter and is repeated here for ehrity.

Wdw “ many krn2~ surveyed by IS. Wetlands here me at the margin
of our study area and extend far to the northeast towards Kotzebue Sound.
Vegetation is lush and the terrain is dotted with many lakes and ponds.
Landward of t h e  sea beach are brackish pods? WC! rnudflats are common
along t h e  lagoons here whe~e salt-tolorant  plants indicate occasional
flooding.

Bretig Lagmm - 7 km2* eensused by L& This is a minor wetland
area bordering a brackish lagoon. V e g e t a t i o n  is spmse and a gravel
substrate is prdmi~nt$ especially along the braided streams.

Port ~uenee - - 13 km2, censused by N end  WAS. This is  a small
but p r o d u c t i v e  wetland cm the south s ide  of the wnbayment.  There are
many lakes and ponds. Salt-tolerant sedges and grasses are croon,
suggesting frequent flooding.

Imruk B-in - 41 km2~ eensused by IS a n d  WA$. Wetlands are
most extenshw on the north and northeast  sides of the basin at the
~giapuk and Kuzitrin River Deltas. Water was flesh (where visited in June)
and the area is chuaeterizti by tie dominance  of  shrubs . h3keS and
ponds abound at this inland site.
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Wwney Lagoon  — 7 krn29 eensused by L&$. Substrates surrounding
the lagoon are generally sandy or stony and ponds are relatively few. Wet
meadows are not as lush here as at wetlands to the east.

Cape Wmney  to s@lk - 30 km2S censused once by W& This is -
not a wry %vetw wetlands rather  it is a series of lakes iand ponds about 1
k m  inland that often attracted small flocks of waterfowl in late mer.
Surrounding vegetation  is more similar to moist tundra/uplands.

Safety LagMn —  55 km2, eensused by M md WAS. ‘l%is i n c l u d e s
the wetlands around Safety Lagoons n e a r  Solomo~ around Taylor Lagoonp
and at the mouths of the FMnbeau and F&lorado R i v e r s . Vegetation is
usually a lush sedge meadow (with a lush organic substrate) mixed with
patches of moist tundra near uplands or with low salt-waahed flats  nearest
to the water.  Lakes and ponds are numerous and there  are a fw brackish
chmels.

Fish Eliwer DeBtal - 39 kmz, surveyed by E and WAS A gradual
rise from the lagoon shore towards the trees to the northwest dictates  the
wetlands characteristics  here. Mudflats me extensive at the terminus of
the delta$ with frequently flooded grass and sedge  meadows to Iandward.
Lakes and p o n d s  are emong and marshes border quiet banks of the
numerous river channels. Wet meadows give way to drier grassy meadows,
and them shrubs~ before the tree border is reached ti~~here Substrates are
richest along pond mugins and silty OF sandy on slightly higher ground.

Mma Point - 50 km2, surveyed by K and WAS. Wetlands here are
in two units.  One is at the mouth of the Kwiniuk River? wlwe many Ponds$
Iakesp and etmnnels are protected by short spits. This extends eastward to
Kwiniuk Inlet, The other borders the Kwik River mouth~ and this has Q
g r e a t e r  mix of moist tundra patches with s c a t t e r e d  s h r u b s  a n d  small
spruces. Mudfhts border the mouth of the Kwik River and Moses Point spit
offers some prot eetion from southwest weather.

Koyw  - 6 1  .km2, &lWW??yed  by N a n d  W& Wetlands border the
Koyuk River Inlet to both the southwest and southeast~ md are most exten-
s i v e  in the latter direction. lakes, ponds, and channels abound.
?/egetat.ion is lush and marshy~ and the area is underlain by a deep peat
layer. Mudflats are extensive to the southeast.

Shtitmlm - 51 km2~ surveyed by LS and WAS. Wetlands here are
ex tens ive  but quickly grade into moist tundra inland. hkes~  ponds~ end
channels are commons and acme protection is pvwided by intermittent spiq
mudflats are exposed at low tides near major .rhe~ channel mouths.

Undaleet - 15 km2, surveyed by B (only once by WAS). The small
but heavily channeled and pond-rich IJnalakleet  River Delta is protected by
short @ts, Unalakleet  !s the hwg est town adjacent to any wetland in the
Sounds and tie area is dishmbed by jet traffic and numerous outboards.
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$t.mwft Idmd - 2 2  km2, sumyed by WAS. Wetlands we confined to
a strip  1 km o n  either  side of’ Stuart  Island Canal, which divides t h e  island
in t w o .  Pondsp Iakesp and mushy channels are common.

st*bim - MN krd$ SL.MWed by IS and W&%  Exten.$ive  wet~ad~
s t r e t c h  frwm st. Mic?ilael 13&y9 SQuth of stebbin$ and to the s o u t h w e s t .
Relief is low ad ponds$ lakes, and channels are ~utimt~ with many kilo-
meters of wide canals.  Mud cansl banks are expemd at low tide; and w i t h
storm surges$ the entire  wetlands floods easily due to the Iow$ level relief.
Vegetation and substrates  are richest  along lake and pond margins and the
mea iS underlain by a deep peat l~y~e
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V. RATIONALE, SOURCES, AND METHODS
OF DATA COLLECTED

The diversity of coastal habitats along the Norton Sound shoreline as
well as its great  length  present a number of major sampling and logistical
problems when attempting to asses the seasonal importance of specific
habitats and areas to birds. These are compounded by the relatively short
period when large numbers of birds are present (May through October) and
the Changes in habitat  and geographical area use that  occur during this
time. The activities of birds while in Norton Sound include spring
migration pre-nesting activities, nesting, post-nesting movements to feeding
grounds,  pre+nigratory staging~ and fall migration. Frequently the
different requirements of birds during each activity and seasonal differences
in the productivities of habitats mean that a species will occupy different
habitats and areas as it progresses through these activities.

In order to deal with the above problems and with the limits of the
time and resources that could be spent on this project we attempted to
obtain a broad overview of the seasonal abundance, habitat uses and geo-
graphic distribution of birds in Norton Sound. Large-scale surveys were
conducted~ instead of site-specific work that would allow a look at the
processes determining bird abundtmce and patterns of habitat use. We hope
the data presented here prcwide a background for such studies. h order
to maximize the amount of data directly related to OCSEAF concerns the
following deeisions and assumptions were made:

(~) Cluf eOlOni@$’ Of M?d)irds would not be included  in o u r
s u r v e y s  of coastal bird use. The seabird nesting cliffs and
adjacent nearshore waters as well as offshore feeding areas used
by cliff  nesting species are areas of high bird use and high
sensitivity to oil spills and other disturbances. This appears to
be a generally accepted fact. We did not want to compare the
bird use of habitats such as lagoons with nesting cliffs since
any sort of quantitative differences would be worthless due to
the different processes involved in each habitat. The locations
and sizes of cliff  colonies are given in Drury (1980) and h Sowls
et al. (1978)o

( 2 )  IRegulm aerial samveys of s h o r e l i n e s  would be eondueted
along  the coast to provide general information on habitat
mad fgeogmphhe  use. This would allow broad+nale  deter-
minations of habitat use and the locations of any large  bird
aggregations.
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o) hir’ge u~= d $%om~d ~et tu*a (Weflmd$) ~ow~  be
ghml $pec?m attention. Wet tundra areas identified by Drury
(1980) and by mm t?oastal habitat  m~ping  were sampled both on
nom-shoreline aerial surveys (wetland aerial surveys) ad on
ground-based surveys Oand surveys). Both of these census
methods provided information on densities for the weal  ‘tundra
habitats Qf the wetlands. In additiont the ltmd surveys provided
shoreline densit ies.  No other areas rweived  eensusing of birds
from t h e  air in h a b i t a t s  adjacent to the shore WI few other
areas had ground-based surveys. We gave these areas extra
attention because:
(d

(b)

(e)

(d)

Drug (1980) i!ouml them to be important to Iarg e numbers
of birds whcm mrnpared with other areas and habitats of
Norton Sounde
We felt that for many speeies the majority of their Norton
Sound populations are found in the wetland areas we
stud ied.
These areas trove little cwastal relief and are perkdk ally
covered by storm surges; thus$ they are more vulnerable to
marine pollution than areas with cliffs or bluffs abutting
the sea.
Many of’ these areas have regular oontact  with seawater by
tidal movement through lagoonal systemsP river deltas, or
canals Q3tebbins). Such pro tec ted  littoral areas are the
most sensitive to oil spills in Norton sound (Hayes and
Guncilaeh 1980)~ since their fine sediments and vegetation
entrap the oil? causing it to persist for a much longer

period than in areas with more wave action and unvegetated
rocky shores.

‘IYus$ for many species all or much of the data we present are from
wetland aerial surveys or from land surveys c?ondu eted either in wetlands or
in shoreline habitats dir eetly adjacent to wetlands. The reader should thus
limit extrapolation of most of this data to other wetland areas only.

EL Swlmes

The primary sourt!es of inforrnat ion for this report are two seasons of
fieldwork: 5 May to 27 October 1980 and 29 April to 12 September 19$1.
Extensive coastal surveys by air and land dominated the first year of
fieldwork. This required dear definitions and delineations of coastal hab-
itets$ which are presented in Chapter IV~ Section B, “Coastal Habitat

400



Descriptionse” Many of the 1980 surveys were repeated in 1981 to measure
yearly variability. The second season of fieldwork also allow~  us to study
prey availability and trophic preferences for two major bird groups.

Previous air surveys of waterfowl concentrations by Drury (1980) in
19’75~ 1976, and 19’77 provide a firm base of comparative dat% as well as
clear insights into habitat use. Analyses in the present report that include
DruryVs data are clearly noted. Additional data were gleaned from obser-
vations by Woodby at sea in September, 1976 (NOM ship IliseovererJ  RU
196) and at Wales on the Bering Strait from 2 June to 10 September 1977
(RU 72).

Habitat lengths were measured by hand with a map wheel from USGS
I:63P360  series maps, Wetland areas were measured from these same maps
by tracing wetland outlines on graph paper and counting the enclosed
squares. Ground-based knowledge of habitats and extent of wetland aided
these measurements considerably.

G Methods

1. Habitat Use Surveys
Surveys were designed to analyze three patterns:
{11 Habitat Use — variation in the numbers of birds in the 13 hab-

itats described in Chapter IVY ‘Study Area.n

(2) seasonal IJse – population changes from May through Oetober
on a montMy or twit e-monthly basis.

(~) Geograpbieal Area ~~e - variations in the numbers of birds in
each of 15 coastal sections and 12 wetlands (see Chapter W and
Figures 1 to 3)9 and also wetlands northeast of Wales.

Survey techniques are described below, followed by a listing of the
technique used for specific groups or species of birds.

(a] Land $wveys. Land surveys were done at 14 sites (all wetlands
except at Nome) from Wales to Stebbins (Figure 2; see also Chapter Iv?
‘Study Aream). We virtually ignored large expanses of raised moist tundra
and uplands. We consider this prudent for two reasons. Firs& low-lying
wetlands are more vulnerable to oil on water than are raised areas; and
secondj low wetlands are the richest nesting and feeding sites for water
birds. The high density of birds requires more frequent sampling because
of the tendency for natural variation in numbers to increase with the mag-
nitude of tie populations. Thus, more samples are needed to make reliable
estimates of average bird use. Our sampling effoa’t in land habitats reflewts
this (’Ikible 2).
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====== ====== ====== =.===== ====== ====== ====== ====== ====== ====== ====== ====
m wdlced

Ii* f tat Type 1980 1981 Total %
---------------------  ---------------------  ---------------------  -----.-
Shlor’el i lxes

Exposed Shores:

With Cliffs 5 0 5 0.2
With Moist ‘Ibndra/~lands 82 9 91 4.5
With Wet ‘lWdra 52 16 68 6.3
On Spits 220 16 236 13.6

Protected Shores:
With Moist ‘2%ndra/@lands 25 15 40 2.0
With Wet ‘IUndra 21 11 32 1.6

Other Shores:

River Mouth 19 0 19 0.9

Disturbed Shore ’75 3 78 3.8

Shcmel ine Subtotal 673 81 754 40.0
---------------------- ---------------------- ------- ----------------- -------
l’llndra

Moist ‘IUndra/I@lmds 210 138 328 16.1

Wet ‘Ilmir a 716 234 950 46.8
‘IMdra Subtotal 926 352 1,278 59*9
---------------------  ----------------------  ---------------------  -------
T@titll 19599 433 2Y032 99.9
====== ====== ====== ====== ====== ====== ====== ==’==== ====== ====== ====== ====
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Most sites were visited monthly in 1!380 (see Appendix 1)~ except where
we were limited by poor weather OK’ lack of personnel . Imuruk E@in was
surveyed only once because of its relative remoteness from the impacts of
offshore oil development. Fewer sites were visited in 1981 (see Appendix 2).
In 19$1, the Fish River Delta was visited two to three times a month except
for Julyg and $tebbins was visited once a month in June~ July~ and August.
Safety Lagoon was visited twice$ and Koyuk and Shaktoolik  once.

Transeets were used as our sampling unit on land. These provide an
index of abundance for birds in each habitat expressed as a number of
individuals per linear kilcrneter. Our technique was adapted from prior
studies of’ shorebirds in arctic Alaska (Connors et al, 1979)Y simplified for
the wide varieties of terrain in Norton Sound, The technique consisted of
w a l k i n g  a  staked line from 1 to 4 km tkmough one  or  more  hbit&ts,
counting birds along the way. Notes were made on species, numbers, age,
sex$ and behavior. Transects were 50 m wide on beaches, including 500 m
of nearby waters~ and were 100 m wide on tundra.

The difference in transect  widths necessitates caution when comparing
shoreline and tundra data; this is compounded by the conceptual distinction
between linear and areal habitats. Birds eoncertrate along the shore
because of the narrow littoral interface of land and water. Birds using the
tundra are more dispersed, and are responding to hsbitat  values broadly
spread over two dimensions. This distinction is made clew in our analysis,
though we do compare shoreline and tundra use where appropriate.

“f’ranseets are most appropriate for censusing small birds such as sand-
pipers terns$ md songbirds. Larger birds, part kularly wat erf’owl and
cranest are easily frightened and flush at great  distances from a walking
Observere This creates grws  underestimates of their abundance when
counted from land.

Besides transect data, land surveys provided parameters on nesting
phenology for most tundra nesters. Whenever possible, we determined the
dates of egg laying9 egg hatching, and chick fledging. If these data were
not observed directly, we aged eggs by floating (Westerkov  1950) or,
rarelyg candling (WeUerS 1956). Chicks were aged by approximation using
keys for waterfowl (Gallup and Marshall in Giles 1969), or estimates for
other groups, For almost all species we extrapolated unknown laying,
hatching~ or flecling dates from known dates.

{b] Ael’kal Smeyse We made extensive surveys of Norton Sound
shores from small plamesr visiting many otherwise inaec essible areas. These
surveys were of two distinct types: (1) ~ong shorelines, and (2) OVer wet-
lands; each of these required different techniques and analyses. The
shoreline surveys~ described firs~ were intended to completely sample all
shoreline habitats on a regular  basis. The wetland transects, described
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18s& were aimed at sampling significant  por t ions  of the nmt p r o d u c t i v e
wetlands where birds were rnmt abundant.

AU habitats  covered on shoreline aerial surveys were cwwused in close
proportion to their frquacy (~ble 3) by -eying the entire  coast in one
flight. This was not always true for lagoon h a b i t a t s . In lagoons,  w e
centered  tie flight  path o v e r  t h e  b a r r i e r  spit so as to census both the
lagoon side md the sea s ide  of the spit? and only we=iontiy f l e w  t h e
inland shores of lagoons. In 19t30p shoreline aerial surveys were flown at
least  once a month in all coastal  seetioms$ and more f r e q u e n t l y  in those
along the north shore of the Sound (@p@dk  3). This was due in part to
the h i g h  cost  of long flights  away from our base in Nome (1980) a n d
bee,ause we flew surveys whenever we transported personnel by air charter
to air numerous field sites on the north shore. Fewer surveys were flown
in 1981 ( A p p e n d i x  4)? ccwdmg M CXM@~ sw~io~ ~11 ~W~ Jum AWWL
and September’.

(i} shoreline Acrid SMmeys. Where surveying the mast we flew
d.mut 50 m offshore paralld to the coastline with an observer on each side
of the phme~ counting birds w i t h i n  200 m of the flight  path. Air speed
averaged  200 km/hour$ and a l t i t u d e  averaged 40 m. Data from shoreline
aerial weys are expressed in birds per kilometer of habitatg allowing mrn-
parisons between habi$mts,  areas$ and months.

{ii) We~md  Aerial  SWWeys. ‘l%ese were flown repeatedly at 13
sites in Norton Soundt and once along the Shishmaref coast ( F i g u r e  3).
These wetland sites we deseribed in Chapter IVS ‘Study Ares.n Ninety-two
were  flown from 31 May to 27 October in 1980 (Appendix 5) and 50 frcm 6
May to 15 September in 19$1 (@padh 6). The-se were m@t frequent fr~
Safety Lagoon to Koyuk in late summers when waterfowl were most
abundant .  Qur efforts add considerably  to those of Dmwy (1980) from 19’75
to 1977 and used the smne methods and approximately the same flight  paths
as his surveys. Together $ our data provide the best description of water-
fowl distributions in Nwtcm Sound.

CM wetland aerial surveys birds were censused from the same altitude
and over the same transeet  width as cm shoreline surveys~ but the speed wss
slower (177 km/hour)  and the density of birds was ecnputed as tie number
per mirwt.e of flight time. In some eases we converted birds per minute to
birds per square kilometer to compute the total population for a wetland.
A slower speed than used cm shoreline aerial surveys was neeessary beeause
b i r d s  are more  concentrated  in w~t~mdse Data fmm Wetbmds tiEUISCXtS ~~~
not direetly ewmtile to those from tnistd
difference between linear and areal habitats.

surveys due to the eorweptual

406



Table  3. Lengths of shoreline habitats surveyed by air in Norton
Sound, 1980 and 1981.

--------- -------------------  _____________  ____________  -----------------—-------  ------------ ________  ____________  ________________  ______  -------
ml Flcnvn Percent

Embit$st %ypc? 1980 1981 Total Pereent Available
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----------- ----- ----
Exposed Shore:

Cliffs 828 433 1,261 12.1 8.7
Moist Tundra/l@ lands 2,666 1,389 4,055 38.8 35.’2
Wetlands 575 360 935 8,9 6.7
Spits 833 262 1,145 11.0 9.7

Protected Shore:
Cliffs 22 ‘i’ 29 0.3 0.3
Moist Tundra/l@ lands 906 192 1,098 10.5 16.0
Wetlands 298 95 393 3.8 5.1
Spits 678 197 875 8.4 11.0

River Delta 364 201 565 5.4 5.8

River Mouth 60 34 94 0.9 1.4
------ ------ ------ ------ ------ -_---- ------ ------ ------ --_--- ------ ----
‘Ibtal 7,647 3,321 10,968 100.1 99.9
---------------------- —--- ----- ------- _______________ ----- ---------- ---— ----- ------------------ ------ ________ ----- _ - — ---------- -------------

1 Does not include disturbed beach, which  was  no t  censused by air.
Frequent landings and takeoffs of our survey planes near these beaches
made it impractical to backtrack to these shorelines to census such short
distances (sum = 2.7 km).
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b6G62 01. beciG2 L0f1b

RflT.AGA2 (M') 01. jiiq flLA62 (1'2) M6LG n6q 0 GGU2(I fiG OflOMIIJ
W0L6 0 0tH. 1TLAGA GGpU1dnG2 0L6J1U6 96L18J 211LA6A2 M6fl8U 6LBJ

(G) m.Ae L6Gpu!dne oi. bijc CLonba oi 2b2° 0U6 01.

(11
(2)

(3}

{4)
(5)
(6)

(7)
(8)

Loons “ L&
Waterfowl -

swans:
lhbitat use -  S&N%
Seasonal abundance and geographic distribution -
Wm.

Geese:
Habitat use - MS.
Seasonal abundance - WAS (SAS for 13rant}.
Geographic distribution — WAS.

Dabbling Ducks
Habitat use - SAS.
Seasonal abundance - WAS &S for Green-winged Teal
and Northern Shoveler).
Geographic Dsibribution - WAS.

Diving Ducks - SAS,
Cranes --

Habitat use - SASo

Seasonal abundance snd geographic distribution - WAS.
Shorebirds -- L&
Jaegers  - LSe
Gulls –

Habitat use and geographic distribution - SAS (IS for
Sabine’s Gull).
Seasonal abundance — SASp WAS$ L&

Terns - LS.
P~serines -  L&

The above list gives the primary method(s) only; supplementary data is
oec?asicmally presented from other methods.

(d) Projeeted PQpdati@M. Land and air surveys of wetland hab-
itats and shorelines provided us with bird densities that lend themselves to
extr apcdat ion. Extrapolation is justified when the following eondit ions are
met :

(1) TIM? density applies to a representative sample of the wetland or
shoreline habitat.

(2) The area (kma) or distance (km) of habitat to which the density
applies is well delineated.
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Multiplying the density by the area or linear distance yields relat ive
population estimates only as reliable as the density and delineation on
which they are based, The wetland sites for which densities can be most
reliably measured are the moat monotypic in habitst. The Stebbins wetlmds
are especially homogeneous+  and since our transects of this area were well
dispersed we are most confident of’ our projected populations for that area.
This is fortunate, since this area is also the ~arg est and had some of the
greatest densities, and therefore very large populations.

Our most uncertain population values are derived from surveys of wet-
lands at Shaktoolik~ Moses Poin~ and Safety LagooK since these sites have
a conglomerate of wet and moist tundras~  making habitat delineation diffi-
cult.  Data for the remaining sites are more reliable.

2. mophies Studia
Bird densities are frequently related to the distribution and abundance

of prey organisms and thus an attempt was made to ascertain the primary
prey of common Norton Sound birds. There is a fair amount of literature
describing wian foodsy demonstrating that food habits depend greatly on
locale and prey availability. @r in ten t  ww to secure modest ssmples of
the commonest bird species to determine the primary prey items by stomach
contents analysise TO assess the availability of foods we sampled mud sub-
strates amd pond surfaces as described below. AU trophies studies were
performed in 1981.

(a) Food Habits. We collected 157 birds using a shotgun? 55 ducks
and 102 shorebirds (Appendix 7). Most. were secured at the Fish River Delta
or southwest of Stebbins. All were taken when they appeared to be
feeding, and immediately after retrieving each bird the stomach and
esophagus were removed and preserved in isopropyl alcohol. Contents of
the tract were sorted~ identified~ and counted, and voucher specimens of
common or unusual prey types were saved within a week of collection.
Analysis  was based on the total numbers of each prey type and the
frequency with which it was found. A biomass analysis was not made,
although average lengths are given for each type of food. Gizzard as well
as esophageal contents were combined for ducks despite the biases intro-
duced using gizzard contents, partimlady seeds, which may be relatively
indigestible (Swanson  and Bartonek 19’?0). This was done because few ducks
had sizeable quantities of food in their esophagif and because we based our
composition analyses on non-seed items.

(b) Food Avtiauity. Mud substrates of the intertidal zone and
pond margins were sampled to measure food availability for probing and
pecking shorebirds. Five cores 20 x 25 em and 4 cm deep were collected
in each of the two habitats every 10 days &t the Fish River Delta on
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GObvin Lagoon. The same sample size was obtained once per visit at other
sites.  This scheme was patterned after the methods of HcMes (l$66a).

We made i n f r e q u e n t  p l a n k t o n  t o w s  on ponds using a 20 x 60 em
‘floating net towed by hand. These gave only qualitative information on
surf aeeacthre t’orms~ aiding our stomach contents  analysis.

We attempted to sample emergent insects using funnel traps (McCauley
1976] because of the dependence of young ducklings on these foods. Our
attempt fai led @e to the fr@lity of the traps$ and information on
duckling foods is still needed.

410



-m BJ3SULTS
Part mm?. Bid G r o u p s

4$.43  Au .5irdfi% An Owwview

Our dhwussion  of all birds provides an overview of results and intro-
duces the presentations of data, The first purpose is met by examining the
overa l l  pa t te rns  of relative and seasonal abundance?  habitat uses snd
g eographie distribution for W birds (excluding cliff nesting species) in
Norton Sound. The seeond purpme is met with explanatory comments accom-
panying figures and tables of data.

Caution is @vised when interpreting patterns for all birds eonsidwed
tog ether since some species or groups of species exhibit trends out of
synchrony with the those of other species. Thus individual speeies or group
trends may be masked, This is especially true for the less canmon birds.
Therefore, discussions of each group or principal species VW often be more
revealing than the general discussion for all birds presented here.

1. Relative  Mundmee d’ Eight Bird Goups.s
Appropriate Census Techniques
We grouped birds into eight taxonornie categories for the purpcse of

analysis: (1) loons, (2) waterfowl (3) cranes, (4) shorebird% (5) jaegers, (6)
gull% (7) terns~ and (8) songbirds. See Appendix 26 for species included in
each group. Note that certain speeies~ notably grebes and hawkst are not
included in this ~heme because of their relative scarcity in coastal
habitats. Peregrine Falcons are discussed briefly in a later section due to
their endangered status. (Again9 see Drury (1980) for a discussion of cliff
colony birds.)

Relative abundances for these groups were derived using the three
census techniques: (1) land survey% (2) shoreline aerial surveysj and (3)
wetland aerisl  surveys (Figure 4). Each survey technique gsve different
results due to:

(1) S i z e : Large birds are easier to see from the air than small
birds.

(2) Warinem Waterfowl in particular flush far from walking
observers, making them difficult to census from lmd.

(3) Loeatiorl: Wetland aerial data were gathered only over wetlands,
biasing them towards waterfow~ while shoreline aerial data were
gathered only along the shore, biasing them towards such birds
as gulls. Land data were gathered for both shoreline and non-
shoreline habitat but surveys were done only on and adjacent to
wetlands.
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Clearly? shorebirds and songbirds are more easily eensused on land
than from the airp and we used data  gathered by ground surveys to discuss
patterms for these groups. Diving ducks are principally coastal  birds, and
as with gulls~ shoreline aerial swwey results describe their patterm best
beeause we flew many coastal areas where we could not walk. Terns and
jaegers  were eensused best from land, though aerial data is sometimes
adequate and is referred to occasionally. Loons were adequately c?ensused
by all methods? whereas cwames and most waterfowl (excluding diving ducks)
were best eensused by aerial surveys over wetlands.

land and aerial survey data rarely agree exactly on bird densities.
An exception is for Glaucous Gulls seen along shorelines {Figure 5). When
on tundr~  these gulls exhibit great curiosity (or animosity) near their nests
and will fly towards walking observers. This tends to exaggerate estimates
of their tiund~ce. Along shorelines, however, they usually ignore walking
bird counters$ except to fly away on close approach, and are therefore
more accurately censused on the coast.

’20 Eim!it.at The
Shoreline aerial surveys (Figure 6) reveal the habitat preferences

primarily of gull% waterfow~ and other kg e birds. ‘1’’hese data are
densities  averaged from both the 1980 and 1981 surveys, and are best used
to compare cormentrations between habitats. Aerial surveys are better than
ground surveys in this ~egardp because they covered the entire coast.

River delta shorelines and river mouths received the most concentrated
use, followed by protected wet tundra shores (on lagoons). Except for river
mouthsg these habitats are the characteristic types fronting wethndsP and
for this reason we concentrated our land surveys there~ and this is why we
employed wetland aerial swveys.

Sea cliffs were also well used, particularly by gulls~ and the murres,
kittiwakes~ cormorants+ and various alcids not dealt with in this report.
Their average densities typically exceeded 200 birds per km of all cliffs in
Norton SoundJ and would be far higher than the values presented in Figure
6. Cliffs on lagoon shores received low use; these are principally confined
to Port Clarence and were inhabited by gulls and over 200 cormorants.

Moist tundra, the commonest coastal  habitat in both protected and
exposed areas of Norton Sounds were sparsely used, as were spit habitats.
Exposed beaches fronting wetlands were moderately used~ though those at
Koyuk were shown to have high densities of smaller birds as censued by
land (see below).

Overallp shoreline aerial surveys showed approximately equal use of
protected and exposed shores by non-cliff nesting birds (17.5 birds/km
~~~d tO 16e5 btids/k~. When cliff  habitats are excluded from this
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Figure 6. Shoreline habitat use by all birds seen on shoreline
aerial surveys; 1980 ans 1981. Shorelines of river deltas and
wet tundra are wetland shorelines, and these had high densities.
River mouths also had high densities yet these are limited in extent.

415



comparison? prot, &ted shores
expcsed shores (12.8 birds/km).

reeeived greater use {1’7.2
In general, we of exposed

birds/km) than
shores is mostly

b y- gull% except at Koyuk, and these use the beaeh (the high l i t toral) .
Protected shores receive greater use by waterfow~ and overall the exposed
waters are little used by birds actually on the waterj except for eliff -
nesting species.

Shoreline aerial surveys can provide total numbers of birds in each
habitat. River delta shorelines and exposed coasts  backed by mQist
tmdra/uplands  each supported nearly one-quarter of all birds seen (Table
4), Shores with tmdra/uphmds  Imd high numbers because of their expanse
(35% of shorelines), where=  river d~ta shor~ (O~Y 6% of shordines) were
highly productive.

Birds observed on land transects, particularly shorebirds~ waterfowl,
and songbirds, showed habitat preferences as depicted in Figure 7. These
land data primarily describe habitat use near wetlands$ as this is where we
put our effort. Protected shores had concentrations slightly greater than
exposed shores (43.6 birds/km compared to 35.4 birds/km, respectively).
Landward of the beach~ wet tundra supported over twice the densities
observed on moist tundra. This reflects the greater abundance of insects
and food plants in wetter  habitats.

3. seasonal  Iuse
Spring came early to Norton Sound in 1980 and 1981. Various esti-

rnat es by residents placed snowmelt amd break-up at one to two weeks
naverag ew YeWs*earlier thm in Birds respond to an early spring by

migrating north and nesting early~ and our observations are of early bird
ehronolog  ies. Years with later springs could be expected to have later
chronologies. A late spring is likely to reduce the nesting success of
certain speeiesj notably swans (~enslfl~ 1973)@

Compounding this yearly variation are the seasonal differences between
east and west sectors of ?.he Sound. Sea ice remains from Port Clarence to
the Bering Strait a few weeks after ice clews  from seacoasts in eastern
Norton Soundl md ice may remain at Wales until mid or even late June
(AEIDC 1975). Snow cover also remains late on the west end of the Seward
Peninsula, delaying nesting by tundra breeders. A similar but more
m o d e r a t e  cooling effect is felt on the Y-K Deltat causing later  s n o w
retention than on more inland sites.

Few birds were present near shore or on land before May each year.
King Eiders moved north through leads offshore of western Norton Sound at
that timet and some murres and cormorants moved north into the Sound as
the ice retreated. By the sw ond week of hl~y~ wat erfow~ not ably Pint ails
and Canada Geese$ arrived and occupied ice openings and flooded areas
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Table  4. Habitat use by all birds o n  s h o r e l i n e  aerial s u r v e y s .
Data a re  average  values  for 1980 and 1981 u n c o r r e c t e d
for effort in eaeh habitat.

—----  -----  -----  ------  _____ ------  ----- -----  ______ _____ _______ ------  ---—----- ---------- _______  ----- _____ ------  _________  __________  ___________

Percent of Pereent of
Habitat All Birds $hor el ine
------  ------ ---..-- ------ ------  ------  ------  ------  ------------  ------  ----

Protected Shores
Cliffs 0.1 9
Moist lWndra/~lands 6.9 35
Wet ‘IUndra 9.5 7
Spits 5.5 10

Exposed $hor  es
Cliffs 9.6 0.3
Moist Tundra/Uplands 22.1 16
Wet ‘l%ndra 14.3 5
Spits 4.8 11

Other $horel ines
River Del ta 23.0 6
River Mouths 3.2 1

------ ----- ------------- _____ _________________________________ ________-------- ----------- ----- ----- ________________________________ ----- ----
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Figure 7. Habitat use by all birds censused on land
surveys ; 1980. P~otected shorelines had somewhat
higher densities than exposed shorelines? and wet
tundra had over twice the density of birds found on
moist tundra. Shoreline and tundra densities cannot
be directly compared; see methods for explanation.

418



n e a r  river and stream mouths, Cranes were migrating in numbers by this
time, traveling west towards Siberia along the north mast~ many passing by
FJome.

Am increase in bird numbers through June is shown by all census
methods (Figure 8). This represents breeding populations as well as
migrants moving farther north. Numbers drop in July, when only the locally
nesting birds are present, At this time many shorebirds have begun heading
southt and waterfowl begin their molts becoming inconspicuous.

Populations build agtin in August, reaching a peak in September when
waterfowl stage before heading south. This is the prime use of Norton
Sound wetlands. Smaller birds~ shorebirds~ and songbirds are on the decline
h September as shown by land surveys. In Oetober gulls are abundant
along shoresP having come south as i c e  a d v a n c e s  i n  t h e  Beaufort and

C%ukchi Seas. Many are immaturese

4. GOgraphie Dist!f’iht.icm
Populations vary eonsid  erably between coastal sectors, and these

differences cam be shown with data from all of our survey methods. The
c!hoiee of data set depends on the bird group in question. This section will
look at distributions of all birds along Norton Sound coasts, with all three
methods~ to explain the interpretation of each. Note that our data may be
expressed as either densities or total numbers. Densities are useful when
comparing the relative uses of unequal areas~ such as coastlines while
totals make it easy to compare the absolute use of discrete geographic
units. Since it is not pcissible to count all birds on a wetland area from
the air or the ground the samples taken must be projwted  to totals (see
Chapter V? W30umes, Methodss and Rationale of Data Collectedn)j and the
results may not always be reliable.

Shoreline aerial surveys averaged for 1980 and 1981 (Figure 9) show
peak shoreline densities in Ckdovin Lagoon (86.2 birds/km), with next highest
densities fran Koyuk to Cape Denbeigh (33.7 birds/km). The lowest
densities were found from I’4ome to Cape 140me (5.0 birds/km). The average
number of birds per flight  in each section was highest along the shores of
~ohvh  Lagoon (4,800 hires) and nearly as high from Cape Blome to Rocky
Point (Safety Lagoon area) and from Koyuk to Cape I?enbeigh (about 4,000
birds each).

Wetland aerial data are given in Figure 10. ~ese data describe
populations on the wet tundra landward of the beaeh~ as densities of birds
(btids per minute) and also as projected totals. The highest densities are
found again at the Fish River Delta on Golovin LagooW with slightly lower
densit$es at Moses Poin~ Koyukj and southwest of Stebbins. Due to the
very large area at Stebbhs~ its wetlands harbored an average projected
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Figure 8. Seasonal abundance of all birds with three census
methods; land surveys (birds/km), shoreline aerial surveys (birds/km) ,
and wetland aerial surveys (birds/minute) . Data are from 1980.
The June high represents breeding birds and some migrants, the July
low indicates the egress of some shorebirds and the inconspicuousness
of moltlng waterfowl, and the August and September high mostly
represents coastal concentrations of waterfowl. The October high
of shoreline aerial surveys is of Glaucous Gulls.
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Figure 9. Geographic distribution of all birds seen on shoreline
aerial surveys. D e n s i t i e s  a r e  t o t a l  b i r d s / t o t a l  m i l e s  i n  e a c h
section in each year. Totals (solid bars) are projected values
averaged for both years together. Northeast sections had the
highest totals. This does not include birds on wetlands landward
of the beach.

421



]3OU

WETLAND SITE

Port Claren”ce

Imuruk Basin

Flarnbeau and
Eldorado  Rivers

Safety Lagoon

Fish River Delta

BIRDS PER MINUTE (%%%%%%%%)

o 25 50 75 100 125

d: 1980 density
total

~ 1981 density

Moses Point

Koyuk

Shaktoolik

Unalakleet

Stuart Island

Stebbins

1 < , , .
0 1000 2000 3000 4000 5000

TOTAL BIRDS (~)

Figure 10. Geographic distribution of birds on wetlands censused
on wetland aerial surveys. Densities are birdsiminute  averaged
for each wetland each year; totals (solid bars) are average
project~(i populations for both years together and these are based
on wetland “size. Northeast wetlands and those at Stebbins had the
most birds, primarily waterfowl. .
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total of over 12~000 birds h each flight. ‘I%h result is quite different
from that  found on shoreline surveys (Figure 9, Section 14), beeause the
shoreline southwest of $tebbins r’eeeived low bird usage, whereas the wet-
lands behind the shore were heavily used.

Pro jec ted  totals  of approximate ly  3,000  to 5~000 birds per f l ight
resulted for wetlands at Inwruk Basin, Fish Rivert Moses Poin~ and Koyuk.
Lesser numbers were found at Safety Lagoo~ with progressively fewer at
ShaktooMk$ Stuart  Island, the Flambeau/Eldorado  R i v e r sf a n d  t h e n  P o r t
Clarence. Unalakleet was Uttie  used. All these data were highest in late
August and September (except for Port Clarence, where spring totals are
highest), and primarily represent wat erf owl and gull%

Land surveys (Figure 11) show peak eoneentrat  ions of wat erf owls
shorebirds and songbirds at Port Clarence, Safety Lagoonj Koyuk, and
Stebbins (70 to 80 birds/km), ‘i%ese data are for wetland transects in 1980
and do not include shoreline counts. The lowest concentrations were at
Nome and Shaktoolik (16,8 and 13.2 birds/km), with fairly low densities at
Woolley Lagoon (23.1 birds/km). The projeeted totals of birds on land are
quite high for the Stebbins wetlands [134~000)$ with large populations et
Koyuk (44,000), Sefety Lagoon (28,000), and Moses Point (24,000).
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Figure 11. Geographic distribution of all birds censused on land
surveys; 1980. These data primarily represent shorebirds,
waterfowl and songbirds.
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B. Loons

L o o n s  are a conspicuous part of the avifauna of Alaska, All f o u r
speeies of loons occur in Norton Sound.  The Red-throated Loon and  the
Arctic Loon are common breeders and migrants, whereas the Yellow-Billed
Loon and the Common Loon are rare migrants or strays. With kg e,
streamlined bodies they are adapted for swirmning and divingg and are found
on land only when breeding. In the following discussion data from hind
surveys are used almost exclusively because aerial densities were so low as
to be relatively uninformative.

In Coastal Norton Sound~ both Red-throated and Arctic Loons nest
predominantly in low-lying, coastal wet tundra. Red-throated Loons feed
almost exclusively at sea during both breeding and migration, while Arctic
Loons feed mainly in tundra ponds during breedingj and offshore during
migration (Bergman and Derksen 197’7). Both species vacate Norton Sound
from October through A@, migrating down the coast  to winter in near-
eoastal  waters from southern Alaska to Baja California (Gabrielson and
Lincoln 1959).  These patterns of habitat use make both species quite vul-
nerable to oil spills throughout their yewly cycle.

1. Ehbitat Use
The most important breeding habitat for loons was wet tundra, with its

mosaic? of lakes? pondst and channels (Figure 12). Arctic Loons select
larger,  deeper, and more open lakes for nesting sites than Red--throated
Loons (Bergman and Derksen 1977).  Moist tundra had low loon densities.

The two loon speeies often feed in different habitats,  Bergman a n d
Derksen (1977) report that in the Beauf ort Sea Red-throat ed Loons,  in
partieularj  feed mainly on marine fish, and bring these fish back to their
young. They found that Arctic Loons feed both in marine waters and wet-
land ponds? and almoat always feed their young invertebrates from tundra
ponds. Although we did no feeding studies of loons our habitat use data
suggest a similar pattern for Norton Sound. Arctic Loons were seen 80% of
the time on wet tundra, as compared to only 63% of the time for Red-
throated  Loons. A.r@tie Loons were far more common on channels (e.g. at
Stebbins and the Fish River Delta) than were Red-throated Loons, although
we made no quantitative observations to support this. Red-TRroateds were
seen more often (32% of observations) in shoreline habitats~ particularly
exposed shores (29%)J than were Arctic Loons (16% of all shorelines, 12% of
exposed shorelines), For both species, exposed shorelines were more often
wed than prot eeted hgoonal  wat ers9 indic sting that less prey my be availa-
ble in the lagoons. Exposed shores of moist tundra/uplands and of spits
both hosted much higher densities than did exposed shores of wet tundra.
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Figure 12. Habitat use by Arctic and Red-throated  Loons. Data are from
1380 land surveys. Exposed shorelines received greater use than did
protected shores, and on land, wet tundra had many more loons than did
moist tundra.
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This implies that exposed shores of moist tundra/uplands and of spits offer
more food to loons than may be found along shorelines near their nests.

2. %mond WE?
May bon densities were quite low (Figure 13) because loons were still

arriving from the south. Densities remained fairly constant in June and
July. Red-throated Looms began leaving Norton Sound soon after their
young fledged in early to mid Augus\  thus the large  drop in density from
Jtiy tO Augusto Arctic Loon chicks did not fledge until late Augus\  so
densities remained ‘high until September,

3. (.leqgraphie  Distribution
Stebbins had the highest loon densities in coastal Norton Sound.

Koyuk~ hnuruk Basin, Meses Point, the Fish River Delta, and Port Clarence
also had high densities of loons (Figure 14), $tebbins had the largest
population of Arctic Loons (largest wetland and highest density), They
were much more common there than Red-throated Loons, though Hersey
(1917) and Nelson (1887) reported that Red-throated Loons were the most
abundant of the two. Koyuk,  Mcses Point, and the Fish River Delta also
had relatively high densities of Arctic Loons, The deltas of the Agiupuk
and Kuzitrin Rivers7 which drain into Imuruk BaSiRp had the highest Red-
throated  Loon densities. Port Clarence and Koyuk also had high densities
while those at $tebbins were quite low.

‘T’he differences seen in the geographic distributions of the two
species may be directly related to differences in their feeding habits.
Red-throated  Loons are most con$non in the western Sound where the marine
environment is most productive; they are principally marine fish eaters (see
the %abitatR sections above). The areas where Arctic Loon densities were
highest are where ponds and lakes associated with wet tundra are most
common; these loons feed mainly in tundra ponds and channels (see the
Wabitatw section). Waterfowl densities were highest (see Figure 20 in the
“Wat erfowln see tion, below).

4. Nesting  !PBMA?mhgy

Arctic Loons arrive one to two weeks later than Red-throated  Loons,
and also have a longer fledging period, Consequently, they leave later
than Red-throated Lmnse Both species leave shortly after their young
fledge. Few birds of either species were seen in winter plumage, so they
apparently do not molt in Norton Sound.

The first Red-throated  Loons were spotted on 11 May 1980 and 6 May
1981. We found four nests in each year. Eggs were ltid as early as 24
May, with peak laying around 29 May (Figure 15). The normal clutch size
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Figure 14. Geographic distribution of Arctic and Red
throated Loons. Data are from 1980 land surveys.
Red-throated loons are more common on the northwest
wetlands whereas in the inner Sound the two species have
more equal populations. Stebbins,  in the south, had the
highest loon densities and those there were almost all
Arctic Loons.
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Figure 15. Nesting phenologiescf  Arcki.c and Red-throated Loons. Data are combined
from 1980 and 1981 and based on four nests of each species in each year plus
additional observations of young. Note that the breeding period for Arctic Loons
lasts nearly a month longer than for Red-throated  Loons.



was two. These began hatching 19 June, with peak hatching arouhd 24
June. The incubation period is 24 to 29 days (Harrison 1978); a 27 day
period was assumed for Figure 15, Although both chicks generally hatch
out one of them usually dies before it is 14 days old (Bergman and Derksen
1977, BUlldy 1976). Fledging began about 31 July, with a peak around 4
Augus@ this happens about 6 weeks after hatching (Bundy 1976). Loons
left the breeding grounds shortly thereafter, and f’ailed breeders may leave
even earlier. No Red-throated  Loons were seen after 6 September 1981 (no
lW20rd9 1980).

‘I’he first Arctic Loons were seen on 19 May 1981 (no record, 1980).
They appear to be paired wha they arrive, or pair shortly thereafter. In
each year we located 4 nests. We found the first eggs on 27 May, with
peak laying around 31 May. The incubation period is 28 to 29 days
(Harrison 1978). Hatching began 23 June, with a peak around 28 June.
Eggs that hatched later than 7 July were probably replacement clutches.
Normal clutch size was 2 eggs but Arctic Loons will lay a single egg to
replace a clutch lost in the first week of incubation (Bergman and Derksen
1977). Fledging occurs about 8 weeks from hatching (Harrison 1978). The
first fledglings appeared 22 August  with most fledged by 27 August.
Arctic Loons began leaving the area at the end of Augus~ though s o m e
birds were seen on 29 September 1980.
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‘I’his section examines the general  trends of s e a s o n a l  abundanc~
habitat  use~ and distribution of w waterfowl in Norton sound.  w a t e r f o w l
will be discussed in thr’ee groups swwls$ geese$ and clucks. me s w a n  group
contains one speciess the g e e s e  five and ducks 24s Ducks are further
divided into dabblers ad divers based cm feeding s~ategies. More detailed
amounts  o f ’  ewh of these groups will be found in Wbsequent  Sectionse
‘IYends unique to any of’ these groups may be masked in the f o l l o w i n g
generalized account. TM section ends with an ovtiew of s u b s i s t e n c e
waterfowl use.

Dads made up 69% of the total w a t e r f o w l  population in the study
mea (Figure 16)s with Pintails being the most abundsnt. Geese accounted
for bout 26% of the total,  and Canada G e e s e  were the moist abundsnt of
these .  Whis t l ing  Swany the only species of swan in Norton Sound, totald
5 %  of all waterfowl, ‘I%ese proportions are virtually identieal to those
found by Drury (1980) for surveys from Point Spencer to ShaktocJik in late
Augusb 197’?.

Norton Sound was most important to waterfowl during fall migration
when thousands of dueks~ geese and swans eonverg e upon the wethnds~
developing fat reserves before their trip south. Norton Sound plays a rela-
tively minor role in the production of waterfowl in Alsskar while the nearby
Y-K Delta and areas north of the Sound are prime n e s t i n g  g r o u n d s  (King
and Lensink 1971; King and Dau 1981). The bhds that did breed in Nof’ton
Sound begsn nesting by the third week in i%lay~ and the first chicks
hatched during the seeond week in June. Most chicks fledged during late
July or early August. Swans did not fkdg e until late August or early
September.

Wetland aerial transect data and shor~ine aerial survey data were
used to analyze patterns of waterfowl use in Norton Sound. Wetland aerial
transects were mcst useful for exarnimhg M’ferenees between areas and
differences in seasonal uses because the vast majority of waterfowl occurred
in wetland habitats.  Shoreline aerial surveys were bet used to deseribe
differences in shoreline habitat  uses while land transects were most useful
for collecting  nesting data.

1. mbitlfat  use
W a t e r f o w l  w e r e  mid abundant  on river deltas and wet tundra

(wet~~ds) adjacM@ tO ~agmn shores (Figure ~~le ~~e h~itat types
provide suitabie nesting are~ ad adequate food supply for most speeies.
The many ponds act as refuges and feeding areas for, juveniles or molting
birds. Wetlands adjacent to sea beaches were fairly important for water-
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Figure 16. Relative abundance of waterfowl.
Data are from 1980.wetland  aerial surveys.
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Figure 17. Habitat use by waterfowl. Daka are from
1980 shoreline aerial surveys. River delta and wet
tundra shorelines were the most heavily used and
these are wetland shorelines. Note the heavier use
of protected versus exposed wet tundra shores.
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fow~ but less so than the wetlands associated with lagoons. River mouths
were used regularly by waterfow~ but mainly for feeding purposes or when
these sites offered the only open water in early May. Moist tundra
contains ripe berries (Crowberrjes,  ~etrum nigrum$ and b lueber r ies ,
Vaccinium spp.) in the fall and wss frequented by Canada Geese. These
berry-rich areas next to lagoons were preferred over the same habitat next
to expcsed eoastso

$hore.lines associated with cliffs were used by diving ducks but only as
feeding areas. Consequeritly9 these ducks were present at cliffs  in very low
numbers throughout the season. Late migrants used this habitat through
October$ since the water around cliffs was some of the last  to freeze, The
sand spits associated with lagoons were used chiefly by ducks for molting
and roosting! and these aress were of minor importance to waterfowl in
general. Before break-up, ice-free areas on or near wet tundra were used
extensively while little use was made of the offshore ice edge.

2. Semond TLhe
Spring populations of most wat erf owl were far lower than in late

summer (Figure 18), The arrival of most waterfowl to Norton Sound in
spring coincided with the breakup of river and sea ice. h early May, open
water was seam es and waterfowl were mostly restricted to these openings.
Most migrants had passed through Norton Sound by the first of June, and
those birds that remained were either paired adults that nested in the area
or flocks of non-breeders (see ~ueks - Prarie Droughts” later in this
report). Nesting occurred between late May and mid+ly and was followed
by a month-long molts when mat waterfowl were flightless. Some males and
non-breeders left coastal  wetlands and sought out inland sites to molt,
while those that remained, including parents with broodsy  became incon-
spicuous amd sought cover in tall vegetation until they sprouted new flight
feathers. These phenomena caused the July low in our census estimates,

Waterfowl began to concentrate in Norton Sound in early August. By
late i%ugus~ many large flocks of staging birds were present in the river
delti ~d wetlands. ~ese huge aggregations remained in the area until
mid to late $eptember~ and some species stayed into October.

3. &ographie Dist.ributhsm
Late summer distributions are discussed before spring distributions

because that  is when waterfowl populations in the Sound are greatest. In
late summer waterfowl were concentrated at wetlands in northeastern Norton
Sound and M Stebbins. Projeeted populations (Table 5), based on wetland
aerial survey densities were great est at wetlands of Stebbins, Moses Point,
the Fish River Deltat and Koyukp though there wss much variation between
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I 2 I
—----  ------------------------  ------  ------ ------ ------------  ------------------  ------  ------  ------  ------ .—----- -------------------- ----- ----------  _______ -----  ----- _______  ______________  _____ ______  ----- _____ --

1980 1977?

wet? 1 and Area Kh’12 No. BPCl# ‘R;:2 %;: No, B1;l ‘~~:2 ~;~ ~Oe3
-------------------------- ---------------------- --------------------- ------- ------- ------- ------- ------
Port Clarence 13.4 405 20.3 4054 6/30 811 36.9 8114 9/5 650
Ulmruk Basin 116.5 1,456 33.1 3,24’7 8/16 989 38.0 3,728 9/5 --
Chpe Wooll q to 29.8 101 7.2 181 9/17 570
$inuk

Eldorado and 20.2 710 8 8 . 8  1,510 8/23 2,351
Flembeau Rivers

> Safety Lagoon 3 4 . 6  1,199 85.6 2,688 9/23 1,070 150.0 4,711 9/12 1,962u4 Fish River Del ta 38.5 6,381 145.0 6,3814 9/6 9,099 239.4 9,0994 9/10 14,288
Moses Point 49.9 8,734 311.9 13,105 9/3 1,519 63.3 2,660 9/10 10,266
hyl.lk 61.4 3,174 158.7 8,205 9/23 3,361 150.0 5,428 9/10 5,475
Shaktool ik 51.3 896 64.0 2,764 9/23 1,251 89.4 3,861 9/10 1,758
Unalakleet 14.6 30 26.6 327 9/6
Stuart Island 22.0 422 35.2 652 9/6 666 83.3 1,543 9/10
St&bins 169.0 1,850 115.6 16,450 9/23 4,082 81.6 11,612 9/10
==e== ===== ===== ===== ===== ===== ===== ===== ===== ===== ====== ===== ===== ===== ===== ===== ===== ===== ===== ===== =

lBirds per observer minute (wetland aerial survey densities).
2 Based on BPOM, an average flight speed of 177 km/hrJ and an observation swath of 400m for each observer.

3Data from Drury (1980).
4Actual counts are higher than projected values9 due to long census periods.



1980 &Jld 19819 pwtiewwly  at MoSa Point. we Comid@r thse prqjwted
mbtmi to km r~mntily r~resentative of relative Popdatiom$ as they are
based on Systmatic  ally g@ller’ed densities  projwted  over a reliable  es t imate
Qf ha~tat area used by Watwfowlo mey we surely eomemative9 as we
have not Used ewrwtion factors  to account for the p e r c e n t a g e  of birds
missed by aerial w.wveyse Actual counts wwwe high~t at the Fish River
Delta.

Low counts on wetlmds @ Port CMrem?e$ from Cape Wodley to !3inuk9
at the EMorEK!o and F’.larnbe&u  EUVE?NJ at Undwleet$  and at stllart Idand
are prine~~y due to the s m a l l  extent  of mit~le h~itat in these arase
$haktodik  ~et~~d$ me not = f8VQr@ by WaterfOW~ m me $tifi~ areas at
nearby KoyukJ and we do not have an explmation of this. Drur’y (1980).
made the same obse~ation  and was also with~t an answer.

High populations at the heavily used sites may stem from their+ position
cm migration routq their attractiveness to waterfowl for feeding, and their
prtietitity of’ young watmfowl in summer. Migration  routes are d e t a i l e d
later in the group amounts. Briefly$ routes f’rclm the Arc? tie over the
seward Paimtia rmy ehmnd birds into &l&n Lagoon and to Koyuk.
$tebbins may m+weive an overflow of birds from the Y+ Delta. High quality
habitat  for feeding and nesting may be sirnilar$ possibly due to periodic
flooding9 both frem spring runoff and from ecmstal  storms. ‘These i%ods
(cWWssed  more h the Whphk $yst.eins” seetkm) serve to replenish wetlands
with nutrients.

M=- late summer densities varied considerably between 1980 and
1981 for certain areas (Figure 19). A. major gain from 1980 to 19$1 was
ShOWll fO~ the S8fety h~OOn $@Wlt ~d fOP tie wetlands at Koyukg
Slmktoolikg Stuwt Rdands ad Stebbins.  IT@ Moses Pohd area showed a
steep dedine between years, These differences  reflect the variability i n
northern waterfowl popuht ions$ and b their choie e of staging and feeding
areas. Whether these reflect changes  in wetland quali t ies or shifts in
migration patterns  is not known.

Of note are the high c o u n t s  cd’ ducks, geese, and swans made in 1977
by Drtmy (1980~ ‘IhNe 5). ‘IIIese are higher than 1980 a n d  1981
numbers~ partly bemuse  the flight  covered more area at each wet land  in
seareh  of floeks~ while our flights  w e r e  over established courses. They
may, however$ be higher beeause of ’  actual differmees  in populations? a n d
this may be clue to &@ght  condit ions in the prairie regions. Brieflys many
prairie  dueks~ fitiing c&y eonditiom on their nesting groucls~ c o n t i n u e
m i g r a t i o n  to the north and wes~ resulting in markedly higher populations in
Alaska. Mtiough  both 19!30 and 1981 were d r y  y e a r s  fop p~tirie dueks~ a s
w a s  1977~ refugee  popdatiom  in 197’7 may have been greater. This pheno-
menon is more ftiy dmusd in the duck seetionm
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Figure 19. Maximum late summer densities of waterfowl on wetlands.
Data are from late August and September 1980 and 1981 wetland
aerial surveys. Highest densities are in the northeastern Sound.
Note the high year to year variability, particularly for the
Moses Point wetlands.
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spring Ch31Aties (3MN?) ahowed great variation 5!S well, geneisdly with
higher Clensit”ies in 1981 (’Figure 20). fiis was trwe at Moses POint and is
the opposite cd tie tremi noted for late summer peak densities (Figure 19).
me Fish River’ Del@ show- a decline from 1980 to 1981s md as for late
summers the etisteim w e t l a n d s  at Fort Ckrence~ Immk Basi.m8 and Safety
Lagoon were relatively stable.

Projected populations for each major wetland in spring s h o w  year to
year  changes paralleling those of densit ies (Tlable 6). The biggest shift
W&S shown for Wetk@3 at Stebbi.ns.

Subsistence use of waterfowl deserves Ml attention when addressing
p o s s i b l e  impacts of p e t r o l e u m  dewhpment  ~d m i t i g a t i n g  mem~rs.
Waterfowl are exploited by natives for subsistence purposes primarily during
s p r i n g  and fall migration. Little  hunting is clone during the b r e e d i n g
seasq and egg kg is only occasional. Daring spring migration where iee
covers much of the land and sea$ wat erfowd are concentrated in the few
Wew Of Opm Water. Pintails are the main species taken during this timet
but Canada Geese and other species are also taken.  During the last  two
weeks of May$ migrating Brant funnel into wetland areas in northern Norton
Sound and western Seward Peninsula, The prxsdictability  of their migration
paths makes them a much exploited speeies during their short passage.
Hunters  to ld  us of kills as high as 5(9 birds per days and 10 per day is not
uncommon on Golotin Lagoon in spring. These Brent are an important
dietary item during these timeSe

During fall migmt io~ Pintails are again the duck speeies most taken,
while Canada Geese are present in much greater numbers than in spring and
are an important food species as well. Brant are an important food at
wales*
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D. swans

Swans reach Norton Sound via interior migration routes from the
Atlantic mwst. 60~000 adult Whistling Swans occur on Alaskan breeding
grounds each year, mnpared  to 30$000 in Canada, and 40~000 of those
breed on the Y-K Delta. The estimated breeding population for the Seward
Peninsula (both north and south sides) is 1~000 birds, and for St. Lawrence
Island, 100 birds (King in Bellrose 1976).

Many of the swans encountered during this study were non-breeders,
i.eq birds in their first or second year.  ‘I%ese birds were seen in flocks of
up to 175 birds in late May, but those flocks dispersed into smaller flocks
numbering less than 15 birds each during June. The breeding adults, birds
three years amd older, were mostly paired when they arrived on the
breeding grounds. Only three nests were found in 1980 and three in 1981,
although numerous broods were observed frcrn the air.

1. Habitat use
Habitats most preferred by Whistling Swsns in Norton Sound during

migration and staging were shorelines of river deltas and similar wetland
habitats (Figure 21). Nesting occurred in wetlands as well as on lakeshore
well above wetlands; their preferred nesting habitat is a mixture of wet and
upland tundras (King snd Dau 1981). Shallow waters provide the aquatic
tubers and other submerged vegetation that adult swans feed on ahnost
exclusively (Bellrose 1976). Larger ponds were also used as refuge  by the
unfledged cygnets as well as the flightless adults during mid+ummer.

2. Gmgraphie Distribution
Swans were most numerous in the inner and southern sectors of the

sound, The Fish River Delta~ in particular, tie wetlands of Koyuk, and
those southwest of $tebbins were the areas most used by swsns (Table 7).
These areas were especially important as staging sites in the fall (see
below), whereas the Fish River Delta was home to a small population of 200
or more non-breeders in spring and early summer before the molt.

Small numbers seen in other sites may represent gatherings of local
breeders prior to staging with the larger congregations.

8. Se-O~ti llse
Swans that nest in Norton Sound arrive early. Though the tundra was

still under a nearly complete cover of snow~ the first  swan egg was hid at
Koyuk cm or near the 10th of May, 1980 (Figure 22). First egg dates for
the Fish River Delta in 1981 were 17 May and
highly advantageous for swsns~ as their nesting
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Fiqure 21. Habitat use bv swans. Data are from 1980 shoreline aerial.
su~veys,  This shows a strong affinity for wetland shores.
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Table 70 Peak  numbers of swans observed on wetland aerial
surveys.

_________  __________  ______________  _______________________  ------  ------  --—--- _____ -----  _____ _____ -----  _____ __________  _____ ------  ----- -----  ----

1980 1981 1975 -197?1

Wet land Area No. Me/Date No. Me/Date No. Mo/Dat e/Yr
------ ------------ ------ ------ ------ ------ ------ ------ ------ ------ ----

Port Clarence 20 8/16 42

Imuruk Basin 24 9/2 40

C. Wooll ey to 10 8/16 --
Sinuk

Safety Lagoon 150 6/11 77

Fish River Delta 445 9/3 1,602

Moses Point 30 9/3 63

Koyuk 477 9/3 284

Shaktool ik 31 6/9 65

Stuart Island 139 9/23 22

9/5

9/5

9/12

9/10

8/28

8/28

9/10

9/10

9/10

37 8/11-20/76

- -

54 8/29/75

57 8/26-31/77

1,085 8/26-31/77

25 8/26-31/77

442 10/1/76

118 8/26-31/77

- -

--Stebbins 500 9/6 985
==== ===== ===== ===== ===== ===== ===== ===== ===== ====== ===== ===== ===== ====

lIlata from Drury (1980).
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the most protracted nesting period of any bird in the Sound.
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days (Bellrose 1976). Late springs reduce productivity of swans, and ‘Ler&nk
(1973) has found the timing of break+p and snow melt on the Y-K Delta to
be a fairly reliable predictor of swan production there, having more effect
than factors such as predation. Thus, a lack of any aggregation of birds
in May (Figure 23) may be explained by breeders heading directly for their
nesting grounds. The small numbers present in coastal flocks in June and
Ju.1 y are mostly non-breeders.

In July, after the cygnets hatch, all but juvenile swans enter a
molting period when they are flightless for 30 to 40 days (BeUrose 1976).
In preparation for the molt, non-breeding flocks apparently move to areas
with higher vegetatio~ causing a low in coastal populations in late July.
Swans present in coastal wetlands at this time may be mostly breeding
adults that remain with their young in the vicinity of the nest.

By late August and early September, most young began to fly, and
staging populations reached their peak in the first two weeks of September.
The sequence of fall events at the three major sites are as follows (Figure
24 and Table 7k

Fish River Delta. Swan numbers increased slightly in early August
and rapidly in late Augus\  peaking in early September at 445 in 1980,
1,602 in 1981, and 1,085 at the end of August in 1977 (Table 7). Numbers
dropped drastically in late September, and a few stragglers may have
remained into early October.

Koyalk wetlands. Numbers at Koyuk peaked somewhat earlier than
at the Fish River  Delta but both areas had similar peak numbers on 3
September 1980 (Table 7). The 1981 maximum for Koyuk was considerably
below that of the Fish River Delta, however. Birds stayed Iat er at Koyuk,
and 442 were observed there by Drury (1980) on 1 October 1977.

Stebbins  Wetlands. Swans gathering here probably come mostly
from the Y-K Delta, as well as from nearby nesting areas. Numbers peaked
in early September as at the Fish River, and lingered as at Koyuk~ with
maximum numbers of 50 on 6 September 1980 and 985 on 10 September 1981.
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Figure  24 . Seasonal abundance of swans at the Fish River Delta,
Koyuk, and Stebbins, the three most important areas for swans in
Norton Sound. Data are averaged from 1980 and 1981 wetland aerial
surveys. Swan populations peakecd earli=tat Koyuk and the and
the peak population at the Fish River Delta was of relatively
short duration. .



E. Geese

Most geese seen in Norton Sound  were eithw  e n  route  to more
imtherly b r e e d i n g  gnxmds during springs or returning  frm those areas and
emgregating in northmm Nortom Sound during fall m i g r a t i o n . Few nested
in the study area.

We observed five speeis Canada Geese$ Br@~ Snow Geese, Emperor
Geesep and Whitefront@  Geese. Q3mchs were by far the rnctst abundantp
m a k i n g  up 86% of all geese seem Ekant were second in abundance M 10%,
fdow@ by S n o w  Geese at S%! Ilrnperor  Geese at 1!%, and white-fronted
Geese were rare.

Except for Snow Geese? the major n e s t i n g  area for all s p e c i e s  i n
Alaaka is on the Y=% Delta; Kotzebue Sound (Selawik area) also attracts
s o m e  breeding Canada and W h i t e - f r o n t e d  Geese (King and Lensink 19’7 1). ‘
Otiy Wada ~d mao~ Geese brd within the ~Wdy tuea, and the n~ber
Of n~t8 W* mklimde

1. Cuada Geese
At least t w o  races  d Canada Geese breed along the w e s t  coast of

Alaska  The entire  population of cm+ the Cackling Goose~ ean be found on
a 16 km wide strip of coastal tundra between the Yukon and Kuskokwin
Riverse Lesser Canada Geese~ the race present in Norton SOund, breed
throughout  .hterkm Alaska as well as on the arctic coastal plain. They are
the only Canada Goose known to migrate north along an entirely different
route from that used h the fall 03eUrcse 1976), ~is e~wktise migra~~on
corridor ~eadS them along inland routes h s~ringe In fall, almost the

entire Alaska p~~ation of Lesser C%mdas funnel south from Kotzebue
Sound through Norton Sound, to the l’+ Delta and lzembek Bay, where they
stag e before heading further sou the Thk population numbers about 100,000
bkds in fall (King and Lensink 1971).

Aa mentioned emiiers few geese nest in Norton Soundp and we fomd
only three nests in two year% all on the Fish River Deltae ‘TWO of these
were pr~~ly by the same pair nesting on a humwk used h both 1980
and 1981.

QaJ B&itat Kkw3. Canada Geese were in concentrated flocks during
their south migration with few habitats being exploited (Figure 25).
Densities were highest at river deltas and similar wetlands which offer the
aquatic plants+ including eelgrass? that many geese ~~mu~~e C%mdas were
also $? Cmnon m moist tutira$ where they fed extensively cm berries
[mdr~

. and ~e) mat grow tibund~tly  on moist tundra
!@skles. We observed flocks of several thousand on the southwest side of
Gohdn Lagoon foraging in the moist tmdra~ md these later moved to the
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Figure 25. Habitat use by Canada Geese. Data are from 1980 shoreline
aerial surveys. Highest densities were along wetland shorelines (river
delta and wet tundra shores) and these were in late summer and fall.
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tidal flats  at the head d the F%h Mmz Ddta. Daily mwm~nti  fmm cm~
foraging  area to m o t h e r ,  or to roosting sites~ are probably e-on for
C@ln@_ls9 pmtktiwly w i t h  oec?asioml blasts by h u n t e r s  that  may prompt
~w~ds of birds to take ‘tO the tie

‘@) Seuond use. vei=y fw C&mada (3&W? were prwent  in Ncwtcxl
Sound dlming Sptiqg of 1980 and 1981 (Fifgalre 26)9 and no sigtificmt
migration was noted at the Mfi-lngkti& Delta soutl of Koyuk in spring
1977 by Shields and Peyton (19’79). ‘I’he few fkwks seen by them Md by us
w e r e  probably strqggkrs fmn the inland migration routes used by birds e n
route  to Kotzebue Sound.

In Julyj the Canada G o o s e  population was near zero except for the
few br’ceders. By late Augus& t h e y  bmme imremingly  tiundmt in the
wet lands  around the SOund~ and in mid+eptember they reached peak abun-
danee~ decreasing rapidly soon d’terwardse we We not sure of the
residency period of a fkwk h Norton Sound. ‘The evidence suggests that “
t h e y  may pem through in a matter of a few dayq as there  are from 70,000
to MO~OOO passing through (IMJrose 1976]$ and our greatest counts do not
total more than 5,000 to M~OOO (see TMribution” below).

Shields and Peytcm (1979) noted only a minor fall rrdgration  in 1977
south of .IKoyukJ and this peaked  fairly early {M Aqgust) w i t h  only 200
birds that  day.

{e] GeQgr~hie Distiibutione AU areas were used minimally by
Canada Geese in May~ June$ and July. In .Augus~  geese beeame eomnmn at
w e t l a n d s  of I@ukp Moms Poin~ am! the F i s h  River Delta w i t h  lesser
n u m b e r s  at all other sites and almost mne  near $tebbins and m Stuart
Island [Thble .8). Wing peak migratio~  the Fish River Delta amd adjacent
areas Of Gobvin Lagmn received the heaviest use. This was also true in
197’6 and 1977 @hmy 1980). Higher munts in those y e a r s  are probably due
to more extensive surveying Of all available habitat  on G&win LagoOn$ as
well as real  pqmlatim differences. Note that tht? h igh  ~OUnt of 5,600 (in
1979) was reached in late AugusQ well befOre migration peaked in the later
SIM’VeY yeUSe

We observed Canada (3mse flocks mming into @ahvirI Lagoon from the
rm’thwest [9 September 1980) and reason that many of the geese there  had
followed river drainages across the Seward Pmimla (Figure 2’7). A similar
situation is found at Koyukp  where geese prti~ly arrive after  flying from
interior  Kotz+ue Sound over the MN passes. C a n a d a  G e e s e  my also fly
past the western tip of t h e  peninsula and may then head muti and mst
t o w a r d s  the Imaruk Basin from Wales and them into Gokwin Lagoon.
Otherwise~ they my continue south from WalesS s t o p p i n g  along Norton
Soundts eater  eoas~ or head direetiy  s o u t h  for Izernbek Bay. A remarkable
Iaek Of Canada Geese at Stebbins suggests offshore or far inbnd migration
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Figure 26. Seasonal abundance of Canada Geese. Data are from
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given. Canada Geese are virtually absent from Norton Sound
until late summer when they become abundant.
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ia Tago uq iarM6flBIJq2° DV4 ØLG LOW *tG4JBD GLWI WL6A
"-'p's pjwnw conu. o cuiq cccs }fOLjOU onuq

-------------------------  ------------------------  ------  . -----  ------ ----—----- ------------------------  ---------------------  -------r------ ----
1$80 1$81 1$76 197’? f

8/26-31
wet 1 and AU’ E?a N O, Mo/Dat e No. Mo/Dat(? No. Mo/D$te No.
----------------------- ---------------------- =------ . -------------------
Port Clarence

lmmuk Basin

C. Wool 1 ey
to $inuk

Fl Mnbeau and
Eidorado  RiVerS

Safety Lagoon

Fish River
Ml ta

Moses Point

Koyuk

f$hktool  ik

$tuar t Island

St&bins

330 8/16

200 9/2

112 8/23

430 9/24

600 9/23

1,935 9/10

872 9/23

1 p 019 9/23

608 9/29

35 9/6

o

561

331

240

1616

5’74

1,025

5’?2

50

100

9/5

9/5

9/12

9/5

9/10

8/28

9/10

9/10

8/28

141 9/24

239 9/24

408 9/24

3,860 9/9

902 9/9

570 10/1

185 10/1

200

34’7

3?’5

5,620

1,630

719

854

-------  ------- ------------------  ------ --------------  ------------ -------  ---------------  ------  --------------------------  ------  ------- ----------------

lData from Drury (1980).
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routes that bypass this Mwwise  pmdmtiwe  area.

.2. Brmt
m%?nt were migrants  in Norton sound and were not found to nest

there* ‘Thy Were mostly f’omd akmg protated Shordines md along river
delta  shorelines (73% d shoreline aerial survey sighti~s).

[d spring Migration. They are mat emmcm h spring (Figure 2 8 ) .
cm their way ncu’th, ?mmt CROSS the ChiH
w i n t e r i n g  grmtis to gathw tat Iz@*
mid*ay9  they depart norfiwti ((NM et
the mast  of the Y-K Delta9 Kotz*ue
Ah3sk& Canada, $nCi Siberia.

of’ Mmka fmn their Ptmif’ic! c o a s t
Bay m the MMka Petinmk In
d. 197’9) to breeding sites ahmg

&u&, and the .m?tk ‘eW3sts of

~aiky ~1$48) judged that ~ost Brant eut across  the base of S e w a r d
P e n i n s u l a  rather than p a s s i n g  through Bering Strait  [Figure 2 9 ) .
~smatiom by Wdby (unptili~d) at Wd= in 1977 suppwt this$ a s  f e w
Bra.nt were  seen f’r~ 2 June On into the swnrnere

Many Brant We seen @JN! eaten] each spring in eastern NOrtOn Sound,
though our survey turned up large numbers only at the Fish River DeIta
(Table 9). We did not fly w e t l a n d  s u r v e y s  until 31 May in 19$0, so 1981
e.wmts during $hwnt migration in m i d  t o  late May are higher. Shields and
Peytcm (1979) noted a. peak migra t ion  of 1$800 Brant heading north along
the east  shore of Nortm Bay on 25 M&y 19779 and they estimate that 3,000
Bran% used t h i s  route between 19 May end 2  Junee These Brwt may have
cane via t h e  ~uk~n basin iint.erior AM&a) as noted by CMe (1955) and
hving  0960).  M~y of t h e s e  prb~ly continue north of Koyuk across the
$eward Paimula i n t o  Kotzebue Sound. An mud spring m i g r a t i o n  of
Brant move west from inner Kotzebue Sound along the north shore towards
C a p e  Krusenstern (Bob llhl~ pers. mmrn.)$ and these  may include the birds
padng through Norton Bay as well as birds coining from Me interior and
bypmshg Norton  SCWmd.

At Gohv’@ Brat make an mud Pa$sagti in late May htO (lolovin
~~oon and then on tow~s the northw=t ~atid CMso% Perse cme). We
Obswd this betw=n 35 and 31 h’lay$ and on 18 May e s t i m a t e d  a peak
p=sge of IJNIO birds with a maximum rate of 800 per hour. These came
from the Soutiw=to Total spring migration through the GokwiKI area was at
M$t 4JIO0 M’ds in 1981s The first migrants me adults$ whik later birds
are tiatur~ (less than three years old) ad non+reeders (Gill et al. 197’9;
EMari.ley  ~ud$ perso e-e]

Migr~ti rnting north across western Norton Sotand may touch clown at
l?twt ~arenee and nearby areas before passing through the shtit. We
Roted small flocks totaling 101 at the base of ape i3pencer  between  29
May md 3 June 1980$ and s p o t t e d  a flock of 117 from the air on 3 June
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Figure 28. Seasonal abundance of Brant. Data are from 1980
shoreline aerial surveys. Brant are most common in spring when
they pass through the inner Sound; in August and Septetier they
head south across the outer Sound and are less frequently seen.
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‘I%We 90 Maximum counts of Brant  at Norton  S o u n d  w e t l a n d s .  Data
are from wetland  aerial s u r v e y s  in 1980 and 1981.

------------  ------ ------ ------ _----- ------  ------  -------  ------  ------  --------- ------ ------ ------ ------ -_---- ------  -_---- ------  ------------  ----

NM.+ 1$!81
Wetlmd Area No ● Mo/’Date No. Me/Date

Port Clarence 553 6/30 117 6/3

Imuruk Basin 72 8/16

Ckpe Wool 1 ey 25 9/17
to Sinuk

Safety Lagoon 161 6/11 220 6/3

Fish River Delta 255 6/7 1,532 5/18

Moses Point 275 5/31 604 5/18

Koyuk 185 9/6 15 5/18
-------------- ----- ______________ ----- ----- ----- __________ ----------- --------------------- _______ _______ _______ ______ _____________ --------- -

lEarliest  survey date in 1980 was 31 May9 and most adult Brant h a d
~robably ~EiSSed llOrth by then.
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19810
Migrmt Brmt  fhx?ks a p p e a r e d  to remain along shorelines for short

periods and were not making extensive use of the littoral habitats.
(b) I&lte s-w Migration. Adults and young returdng in late

-W may ptww exehmively  through Bering $titit. Wales people depend on
thks heavy m~grat ion in late J3UgUS~ for =bs~stenee hunting. We found
very few in late wmer in NOf40n Souncl wet.lards~ ard conclude that most
f%y ~ectiy south towards Izcmbek 13ay$ where they stage for their
rnigra?,ion aemss the GUM of Al=~~e Norton Sound migration routes are
summarized in Figure 29.

‘W est imated adult population of .Mant nesting in the mtic is
a p p r o x i m a t e l y  17,000 (King in Belhxm 1976)0 Since the =timates  g~en
above f o r  migrant numbers @ Koyuk and G&w-in are low @ uncorrected
counts imwiably  are)~ it is reasonable to conclude that much of the arctic
Brant poptidion p~ses through e~tern Norton Sound in spring o
Lehtiausen  and @tia (1982) have evidence verifying over land  migra t ion
routes from the Bering Sea to the Arctica bypmsing their study site at ky
Cape in the C%uek@d Sea.

Elrant are strictly sea geese and feed mainly on eelgmss in the winter
(Einarsen 1965). Eelgrass beds in @kvin  Lagoon may attract t h e m  t h e r e
in Spring$ s i n c e  Brant eannwdy  arrive at tilovin around 24 May (Phil-lip
D e x t e r ,  pers. Cwmnma) s h o r t l y  after  the average date of k e break-up (23
May, A.EHX2 1975). IWtoy (1969) found viable eelgrass under the iee @
Safety Lagoon in Mamh met~olizing  and growing new tis~ee Brant w e r e
found to arrive at nesting grounds on the CoMUe River n e a r  Prudhoe ‘Bay
w h e r e  g r o w t h  of sedge amcl grass shoots p e a k e d  (Kiera 1982). Brsnt
StOflladls tflk ell at tkh’dn &We Often fUU O f ’  ShOOtS (’h~y Punguk~ @erS.
eomm.). Ee.lgrass may be important  in their diet there,  though Pintails find
an
do

3*

adequate s e d g e  shoot mop on fhoded  t u n d r a  in spring~ and 13rant may
the ssme (see “Thphie Systemsw}.

snow Geese
Except for  a few s c a t t e r e d  pairs on t h e  wtic coast  and a small

eolcmy on Howe Uiiand in Pmdhoe llay~ virtislly all Snow Geese encountered
in w e s t e r n  Alaska nest on Wrangel lslamd~ in the Soviet Clwkehi S e ae  In
Nwta $oumd~ they are s t r i c t l y  migrtmts. In spring$ a s e g m e n t  of the
pop~ation  f~ms an i n t e r i o r  route from Alberta9 across i n t e r i o r  Alsska7
and them into Norton Sound (Bellmse 1976).  A major corridor of migramts
heads north from the Alaska P e n i n s u l a  then across the  mouth of Norton
Sound p~sing through Bering S t r a i t . These are joined by the migrants
from interior  Alaska along a s p u r  route. We probably observed part of this
Spur route on 6 May 1981 along the s o u t h  mast of the sound n e a r  t h e
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Pikmiktalik River (32 km s o u t h w e s t  of Stebbins in P~tol Bay), where 300 or
more SnOw Geese were rncwing Wuthwest Cllble 10 L

The bulk Of spring migran ts  en te r ing  Norton Sound frail the interior
probably  pass north over .R@uk and a c r o s s  the Seward Paninsula,  S e v e r a l
E@@ res idents  spoke tO us of this !wwnent  north~ and thought it was is
eornmon route for other Speeies of geese a s  well (see Vlr’antw)e shields and
Peyton (19’?9) e s t i m a t e d  a passage of 5,000 S n o w  Geese at the AkuM-
Inglutdti Delta b e t w e e n  10 and 25 May 197’7. Most of our s igh t ings  of
large flocks are from eastern Norton Bay.

The ‘great b a n d s ”  seen by Bailey (1948) at Wales in late M a y  a r e
surely an annual event. Most of these northbound migrants must stay
offshore~  as we noted omly 50 along the west coast from Wales to Brevig in
our two years of spring census works and these were at the base of Point
Spencer on 1 June 1980. During their passage in late May, shore-fast ice
i s  eommcm from Sledge R&and to the Strait$ and t h e y  m a y  follow the ice
edge.

Few birds were seen in fall with most on N o r t o n  Soundqs n o r t h w e s t
Coaste 3@10 seen cm central and southern St. L a w r e n c e  Island on 18
September 1980 lead us to believe that  most Wrangel Island Snow Geese
head south towards the AhskQ Peninsula  via a mid to western Beping Sea
mute; Palmer (1976) supports this. During the spring we found Snow Geese
prtiwtiy in wet tundra and on river deltas. Although their use of weti~ds
does not last JongJ feeding stops for northbound birds in eastern Norton
Bay may be beneficial or neeessary to their nesting success.

4* mnpercm  Geese
Emperor Geese are true sea geese. Their preferred habitats are rocky

shores aml salt-washed meadows! and like Brant, they are pr inc ipa l ly
grazers  of marine plants @el.lrtxe 19’76)0 Their restriction to the mast has
subjeeted them to heavy subsistence hunting pressure resulting in currently
reduced populations (Lensink$ pers~ eosmmh Emperor Geese were few in
Norton Sound with moat b r e e d i n g  taking place to the south. ‘I%ey are
essentially confined to the Bering Sea region all year. The vast majority
nest in Alaska (60~000 to 75$000 adults)~ w i t h  90% o f  t h e s e  o n  t h e  Y-K
Delta and about 1,000 along the Shishmaref coast of Kotzebue $ound ( K i n g
in B~rMe 1976). Small numbers also nest along the Siberian Cl@chi coast
(Kbtchimki 1970 Almost all winter along the Alaska Peninsula a n d
Aleuthms9 exeept for 29000  t o  3,000 in the Kodiak area (Bekme 1976).
Fay (1961) e s t i m a t e d  that  1SS than 1~000 to 2~000  Enpemrs nested on S t .
Lawraee Island and reeernt n e s t i n g  there has not been s u b s t a n t i a t e d
(Belhse 1976).
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J8Q1 bnD 0891 bnuo8 nohoM iii anlidIu eooO won8 001 9IdWF 

------ ------------------  ------- ------------ ------  ------------------  ---------- ------------------------  -----------------------  ------------  ------  -
spr’ iRg smeriF811

Wet land h eka No. Mo/Da/Yr No. Mo/Iki/Yr
----------------------  --------------------------  --------------  ----------

Port Clererme 50 6/ 1/80 9/ 2/80
9/ 5/81
9/17/81

9/ 2/80
!3/17/80

Gape Wol 1 ey 46
20

8 5/14/80 12 9/21/80Safety  Lagoon

Fish River  Del ta

Moses Point

Koyuk

9/ 6/8050 5/21/81 2

5/18/81100

9/ 3/80
9/29/80

21
640
800

5/ 6/81
5/ 8/80
5/18/81

190
20

202251

16
5/ 6/81
5/22/80

9/23/80Unalakleet

Stuart Island 5/ 6/81 25
10

9/ 6/80
9/23/80

25

3003 8/28/805/ 6/81
6/ 8/81
6/18/80

Stebbins

------  ------------------------  ------------------------  ------  ------  ----------  ------------------------  -------------------------  ------------  ---

1 10 km south d Undskleete

250 km southwest of Undddeeta
3Near EWni.ktdik River on I?astd  Bay.
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M $prbg, h $pring9 E m p e r o r s  migrate  mmth fmm the i$lmk~
Pmimtia dcmg the ‘mxMt to the Y+ IMta (cm et tio 1979] md thcm
.hadi~ mrth to !WMthml Kotzebue SOund prbmly ercss over w e s t e r n
Nmton Sound [Palmer 1976L The 24 Empeross we o b s e r v e d  at Pat Clarence
in hlte May 1980~ in f~fiy f l o c k s  and Pair% were Pr~tily enroute to
Kotzebue ScxmdS as were the others seen in northern Norton Sound in
spring (Tlltde @

(b) Brewinge We found two nests cd’ Enpercw Geese near Stebbins in
1981~ one with seven eggs {10 June) and t h e  other with six eggs (13 June).
These were pat% of a small local p o p u l a t i o n  at tie northwn extent o f
cmwtd  meadows Of the Y-K Delta $yStemo Minor patches of t h i s  selt--
washed wet tundra oeeur in other w e t l a n d s  of Norton Sounds though w e
have no evidence of’ Emperor Geese nesting on these.

In mid~~p near the time when ycmng Emperor Geese We hatching~
a massive molt tigration oecnm+ from the breed ing  grounds on the Y-K Delta
to Ste Lawmee Islande ‘The birds involved are non-breeding immaturws and
fciled breeders (Jones 1972). Fay (1961] reporfi  betWtXXl ten amd t w e n t y
t h o u s a n d  Emperor Geese mdtiy along the s o u t h e r n  coast  of the islands
congregating in large ‘herdsw during the molt. He estimates that in a
fioek of ~proxtiatdy 5?000 geese on 21 Julyt not more than 10 w e r e
capable d’ sustained flight. mm t h i s  evidence, Fay and QKle (1959)
suggest  that  St. Lawrence Island is the p r i n c i p a l  sumering area for the
entire  population of’ non+r~de~ produced in Alaska and Siberia.

(e) Late mere Fall migration is uatiy more prolonged than
spring migratio~  comprised of family groups n u m b e r i n g  less than 20 birds~
and spread over a greater portion of the range  (Gill et al. 19’79k E m p e r o r
Geese w e r e  more e-m in fall than in springj but still in v e r y  l o w
numbers tmd weurring  sporadically throughout the wetland areas (Table 11].
Stebbins is the only area where they were regularly  seen.

5. whitefRoDtti C%x3&w
WMtefFontW Geese were se are e as migrarit.s in Norton Sound during

spring and fd,lP and the nearest  nes t  r e c o r d  i s  12 km northeast  of Wales
with six eggs cm 18 June 1977 (WoOdbyJ republished).  ‘I’heir major nesting
g r o u n d s  in Ncwth America are at the ‘Y-K DeltE where bout 80,000  adults
gather  (Barme 1976). Minor populations nest in Alaska3s interiors aroand
Kotz&ue  Sound$ on the aretie  edopet and in the Canadian arctic. S m a l l
numbers of migrm~ were observed in eastern  Norton Bay by Shields and
Peyton [1979) in both spring and fallp and these migrate via in te r ior  rou tes
(King and Dal-l 19$1)0 Nearly all of the White-fronted Geese we saw (99%)
were in late summer in the northern $ound~ and these were flocks of no
more than 120 birds.
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—----- -----------------------  ---------------------  --------------------—----- ------------------------------------  ------------------------  -------
spr iqg 8merjF&l 1

wet 1 and Area Nom Mo/Da/Yr No e h’lo/D8/Yr
-------------------------  - .”  --------------  .“-.--~- --------------------
Port Camence

cape Wol 1 ey

safety Lagoon

Fish River  Del t.a

Moses Point

Koyuk

Shaktool ik

Stuart Island

stebbins

24 6/ 4/80

3 6/13/80

2 5/18/81
1 6/ 9/80

4 5/18/81

:1 5/31/80
6/10-14/81

2 6/21/80

10
2

12

6

8?)
10
67

7’/ 9/80
8/ 7/80
9/ 5/81

8/16/80
9/ 2/80
9/ 5/81

8/ 4/81

8/15/80

8/23/80

9/10/81

8/15/81
8/28/81
8/29/81
9/10/81

----------------------  -------------------------  ---------------------  --------------------------------  ---------------------  ---------------------------

l(XW nest  with 7 eggs  cm 10 June 1981 and another  wi th  6  eggs  cm 13
June 1981.
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??. Dmk$

Ducks am a dominant bird group in Ndmn Sound wetimdq  parti-
edar’ly in Me summer. Many come to nes~ though the bulk are found in
Hatm Sound after nesting in more northern and inland are=, W@ observed
a totdi d’ 23 speeies~ 9 ccmnordy snd 13 with evidence of’ n e s t i n g
(Appendix 26).

We ditid@ our adyds of duck ~tiatiom aeeording to the two
reeog nized fune tional taxcmcm’lic  eateg ories9 dabblers and diverse The basis
for separation is feeding method. Dabblers are puddle dueks~ typified by
Mal la rds  and Pints.ik+ that often feed by chbtding  @ the surfme of lakes
or ponds. ‘Their legs are eenttmd amidships~ allowing them to walk e a s i l y
on ~and and ‘tiP L4PW to feed cm the bOtt~S of s h a l l o w  P0#@3. we Obmrved
six species of thesep and they comprised 75% of’ the ducks cm s h o r e l i n e
aerial  Wweys. Though a m o r e  d i v e r s e  group in Norton Sound, the 17
species of divers c o u n t e d  by us were only cm-quarter  of the duck
poptiatione These ~pie~y stout  birds have their legs mwntd farther
astern~ prtiding pr~ulsion  for deep dives to feed on benthos~ fish~ or
sometimes zwplmkton. They also f e e d  at the surf’wx+ particularly  o n
invertebrates of tundra ponds during the nesting and ehiekwewing  months.

1.9 Rdatiwe  Uutimee
b) ~abli~g  m~k~. Pintds  far otRnwnkrd W other ducks in

kiO~tOn %3und &Wid @qri$d d It%ist thIW&’QlS@3%S Of the d~b~in~  duck
p~dation mm cm W~timdS (%hble M?), On the bssis of 1980 w e t l a n d
aerial summys9 hericm Wigeon wwe t h e  next m o s t  ccmncm at 17$& while
!tlahr=ds,  Green*ingd Tea,lp and Northern Shovelers toge ther  made up less
than 6% of the dtilerse C3adwaUs w e r e  rare.

‘Real and Shovdem were usually u n d e r e s t i m a t e d  by aerial weys,
e s p e c i a l l y  in late summer when they resemble I%ntai.lse Relative abundance
sthat~ derived frcml bind s u r v e y s  place their populations at 7% and 5% of
ddbks, r~p~tivdy (mh 12, ~d~~ 3). Land S!N’W!y$ may tinder-
represent  wigmn and MWti~ t3s these often flcwked in sites hmxessible
to walking *saen@

Relative *utimee of nesting dabblers is best shown by pr~ortiom of
nests or broods fmmd & each speeies (T&Me 129 cxlmn Q T-MS was
Calculated by Gng the number of n e s t s  smd broods observed in all areas
during both years. ~wlyp E%M.ls w e r e  easid=~ly less @mtmt a s
nesters  than their total nwnbers would mggest (mmpare edmm 3 and 4),
though still the most mmmcm nesting dabbler .  This may Mk?ate a s u r p l u s
of refugees  from &wght*&$ekw p r a i r i e s  [see below)g as well as Iarg e
p~tiatiom of migrm@ to and from major nesting grounds around Rotzebue
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P@Ee@nt Per@at P@remt PeF@mt NIB o
mtal ‘l’@t* MBas Nwti* Mmti~  Nests and

Amer iw?m w@?m 10.3 16.8 9,0 5 3 5

Gmewwhged  Ted 0.5 1.3 6.8 30 16 28

Nor them Shovel m 0,5 O*7 4*9 29 15 27

Camdwdl < 0.1 <O* I 0.1 1 <1 1
--—---- ------------------------ ------------------------ . . . . . . ------- .
mtal 73.0 100.0 100,0 100 53 94
--.,. ------” ----------- -------------------- ------- -------------- ----- ----- ---
------------------------------------------------------------- - ---- ---

+x@ frcmi

2D6W3  i%xn

‘Dim fmn

41WA km

wetland aerial Surveys$ 19$0; total ‘ 369453.

Mind mey& 1980; total = 12,248.
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Sound and the nor-them Seward Peninsula where at least 150,000 nest (King
and LenSink 1971). If Pirltails are 77% o f  the dabblers but Ody 34!% o f
those that nes~ t h a n  less than half of  the Pintdls seen actually nest i n
Norton sound. Teal and Shovelers were relatively eonmmn nester% wigeon
were ummon~ and we found only one b r o o d  each o f  Md..lwds a n d
Gadw~s.  Ahndsmee estimates based cm nest reeords are biased9 because
nests amd broods are harder to find for some speoies than for others; teal
and wig eon hide th e’h’ nests partieuhr~y W~e

b) Dfting  mekso Seventeen speeies of diving ducks comprised only
2’7% of ~ dl@S (1980 c?oastal air’ SU1’VE!@. Black Scoters and Common
Eiders w e r e  the m o s t  mmeivms of the divers~ each totalling about one-
quarter  of those s e e n  (Table 13), Greater Sc?aup and Oldsquaw were also
consnon~ and Red-breasted h!ergarwers were fairly mmmone Twelve other
s p e c i e s  made up only 11% of the diving duck populatkms~ and these  were
either members of smaU bed populations or were vagrants  from southern
and inland breeding @wUxldS, An emeptkm is the King Eider$ w h i c h
migrates by the huncha of thouwcls offshore across the mouth of Norton
Sound and through the Bering Strait in early spring and late fall. l%ey
were itirequat in the nearshore eoastsl  waters from May through  October,
except at the Straite

Divers were common n~ter~ accounting for 4’7% of W duck nests or
broods seen. This pere entag e is nearly twice as great as their o v e r a l l
&utimee relative to dabbling ducks (shoreline aerial surveys) and is due to
the prepondermee  of non=breeding dabblers.

G r e a t e r  Seaup were by far the mcst eonxnon of the nesting divers?
while Oldsquaw~ Qmnon Eider% and Red-breasted Mergansers were fairly
common. Black $coters, though common in some coastal waters~ nest inland
and on raised tundra and were rarely found with eggs or young in coastsl
wetlands. A lone nest and two broods belonging to Redheads illustrate the
rang e expansion capabilities  of inland breeding ducks seeking refuge from
drought. Redhead heeding in Alaska usually occur only in the eastern
i n t e r i o r  md they are typically found as  breeders  in the Canadian prsirie
provinces (Palmer 1976; Weller 1964).

2.$ Htiitat  Uw
Dbbling  ducks showed a more specialized habitat ehoiee than diving

ducks (Figure 303 top scale) ard will be treated as a group beeause of the
sMflmity in habitat  preferences  of all six specks. ‘I’hey are typ ica l ly  b i rds
of wetlmds (wet tundra)$ ad we found high densities along the shores of
h@I’ deltas  and lagoon wetlands. Moderately high densities occurred at
river mout,h~ though this actually represents only a few hundred birds in a
limited habitat. Moderate dens i t i es  were seen along e x p o s e d  coasts
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------  ------  ------------------  ----------------------  --------------------  ----------  -------------------------  ------------------  ----------------------
Pereent Peremt Pereent Pereent Mher of
Total Diwi~ Nesti- Au wti~ Fk+3ts md

EUmk Scot er

CMnrnorI Eider

Great er $caup

CNdsquaw

Red-breasted Merganser

SW Scot er

Harlequin  Duck

$peetacl ed Eider

$teller~s Eider

Ci?lnvastMK!k

Kim Eider

White-winged Seoter
Ckmnon Mergaser

Redhead

Less W SWAup
C&nnon Cbldeneye
Bufflehead

6.8

6A

4.6

4.1

2.3
0.8

0.6

0.6

O*4

o *4
0.2

< 0.1

<<O*1

<<0.1

<<0.1
<<001
<<0.1

25.2

23.5

17*O

15.30

8*5

2,9

2.2

2.1

1,6

1.6

0.6
0.1

<<0,1

<<0.1

<<0.1
<<0.1
<<0.1

5 9

2 3

--------------------------  . . . . . . . . . ------------------  ------------------

m%al 27.0 100.0 101 47 85
- - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -----------------------  -------------------------  ---------------------  --

lData  from shoreline aerkl SUrVeyS$ 1980; W@ = 6P017 divers.

2Data from nest and brood  counts$ 1980 and 1981,
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DABBLERS PER KILOMETER (~)

2
SHORELINE HABITATS : ;

4 6 8 10 12
I

PROTECTED SHORES

CLIFFS

MOIST TUNDRA

WET TUPJDRA

SPITS

EXPOSED SHORES
CLIFFS

MOIST TUNDRA

WET TUNDRA

SPITS

OTHER SHORELINES
RIVER DELTA

RIVER MOUTH

I
o 1 2

DIVERS PER KILOMETER (-&/////#)

Figure 30. Habitat use by ducks. Data are from 1980 shoreline aerial surveys,
Note the difference in scale for dabbler and diver densities. Dabbling ducks
are most common along wetland shorelines (river delta and wet tundra shores)
and diving ducks are fairly well represented along all shoreline types.

469



aiBiid&f nthiam91 ecu a! brnio oiiaiinsono 1ea2e1 .abnaltew rijebiod 
nwiim to aott ni'i ineeeiqei 1I'iamhq 

brts aieIddb risdi c!oifoe1e t!da1 a! ofliDeqa aeel siew aub cdvU 
,U euN) aiBuid&f fl uorfuo1fIi acIoit1ifl99f1oD wol Ietebom id eiew 

)!OO1 beaOqXe 189fl loflInoO taom 919W aisioe bcw aieb! (e1a moflod 
lDol 'lEefi 1'iaJ.uoLtiq ffoa9d aibiwt aiom aoIa baa aThLo o aetorfa 

isdio baa aB1sUom siLt isflo Idanwae1q isili aetia ,UC 9,ui1I) aqoiotuo 
rio1a ffOC!IflOO 919W waspab1O 0asta"iiadua ooi ctflw beia!oaas aocDned 

srLt nhub baa aina,!m rthqa as t1s1u9!t,sq aietaw b9teio1q a! 
beldmsas, quao8 'istasiD .noosJ Ivs18 bits 90it9IBD ho ta tlom Iut 

wollsde d.tiw astoria atleb ¶evh niaoodo eona1se1q isildad id a'ielddab 
betn1ir1snoo taOffl 9'19W a1eana19M n! beet oi a9i1iadI bum baa 19Mw 

llama o 1qqua sidallel a ebxvoig Iias'iaqqs aasia sasdi aittuom isvh ISOit 
eiq iotam iisd.t dafl 

3. timaad KhBe
Ducks were most ~utimt in coastal  Nortoa Sound when staging  (pi’e-

migratory f l o c k s  gathming  to feed) after nesting (Figures 3 2 - 3 4 . )  They
were a l s o  wmuncm in spring h.~iatdy prior %0 nesting and appeared least
c-otiy during the brood and molt p=ids of July or AMgusts Their abun-
dance  is greatly  depmdmt on nesting phenologies$ as discussed later, and
will be Shorn to wary b e t w e e n  speeiest pu~ding differences  in
phmdogiso

Molt whdlw are an iqortmt f a c t o r  in seasonal ~undmgeo  AU
adult ducks in &uka shed their wing feathers  during the smer and grow
new ones for the long trip soutl+ leaving them flighti~s for several weeks
to over a month. This is a highly Mnerble time. Dabblers will remain in
c o a s t a l  wetiads or move inland where t h e y  can hide in tall grass. sea
duekq notably ekhws~ may move to isolated n e a r s h o r e  sitesp such as the
rocky h=tiands near Cape Woolhy or CXpe Nomef while Oldquaws may
gather  in lagoons as at Bmvig.

M~t mda leave theiso mates shortiy after  imubation begins to g &ther
with other males in pr~mation for the molt. They lose much of’ their
br+ght body plmage~ atiing  to their ineompieuoumss$ ml are thus poorly
emusd by aerial -ey EM well as by land counts. Males of some speeies
do not bmdon their mates Wdiatdy but linger  nearby for a week or s o .
This i?ltwde$ Oldquaws, bmon and Spmtacld EM a’s+ and
tall d the other d~blem~ along w i t h  =aup$ merg ansers~
seotersp depmt  more NWtily @??lhse 1976)0

Hens gmer~y beeome fiighti-s shor t ly  before their
to fly Oohnsgd 1975). T h i s  is not true for C’hmmon
WWs~ which lose theh flight  feathers when thy are with

Shovelers, while
Rmmds, and

young are able
and Spe’etac?kd
their broods so
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EIDERS AND

SHORELINE HABITATS: SCOTERS

PROTECTED SHORES
CLIFFS

MOIST TUNDRA
k

WET TUNDRA

SPITS

IrE X P O S E D  S H O R E S
CLIFFS

MOIST TUNDRA

WET TUNDRA

SPITS

OTHER SHORELINES
RIVER DELTA

i

RIVER MOUTH

OLDSQUAW GREATER

!
SCAUP

I

RED-BREASTED

o 0.5 1.0 1*5 o 0. 0 0

BIRDS PER KILOMETER

MERGANSER

1

I

i

Figure 31. Habitat use by diving ducks. Data are from 3980 shoreline aerial
surveys. Eiders and scoters  were using rocky shorelines, particularly
along cliffs. Oldsquaw were most concentrated along spits in protected
(lagoonal)  waters once nesting began. Greater Scaup chose wetland shorelines.
Red-breasted Mergansers stayed close to river mouths.

.
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1.0
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4 Northern @. .

~#’ <Shoveler ==” ““.+.*..-Green-winged
\ .“

/ ‘%
.“ “. “. Teal

/
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/ ~ ~\ ● *.””” 0.
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4P””*”””” ““a””’””””.)j#”””
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i 1 *I
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; 1
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Figure 33, Seasonal abundance of Green-winged Teal  and
N o r t h e r n  S h o v e l e r s . Data  a re  f rom 1980 land  surveys .T e a l  had a  r e l a t i v e l y  s h o r t  b r e e d i n g  s e a s o n  a n d  g a t h e r e d
in A u g u s t  prior to flying s o u t h .  S h o v e l e r s  p e a k e d  i n  J u n e
a n d  a p p a r e n t l y  d i d  n o t  g a t h e r  p r i o r  t o  their s o u t h  m i g r a t i o n .
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Figure 34=
Seasonal almrkdance  of diving ducks. ..Data are from 1980

shoreline abrial surveys. Note the general trend of spring and fall
peaks with a low during the late July and August molt period.
Common Eiders were most abundant in October and there were few other
divers (or other ducks) at that time in Norton Sound.
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as to gain flight  when thfdr young do.
Figures 32, 33$ and 34 illustrate the gemeral differences in seasomlity

b e t w e e n  dabblers and ‘diverse B i w e e k l y  data are graphed for the less
cmmnon d~blemP wld monthly data are graphed for the three  rn~t eomrnon
spwi=o Wmtis dtiblem amived earlier in springt were iwmpieuous in
Julys and gathw~ mmtiy in August and S e p t e m b e r  prior to migration.
Divers arrived mostly in June, and w e r e  consistent as a group in beeoming
scam e in Augus% when molting was most i n t e n s e . ll%e==migratory  staging
p~tiatiom peaked in Sept-er for all diverse

[a) D*bling reeks. Wetland ~op!,dations Of ducks were dominated
by PintaUs (Figure 329 left otihate sc de). They were the first clsbblers to
arrive  in large numbers  as d’ ‘7 h’lay in 1980 and 6 May in l!li31t when m o s t
ponds w e r e  frozen and much of the tundra was  under snow. ‘The seeond
spring peak of Pintails  in early June signaled the onset of inmdaatio~ w h e n
drakes abandoned their mates and gathered  in wetlands. By late Junet t h e y
had sought cover fop molting and were not again obvious until late July and
early August. By th ens young were begMng to fkclg es and in S e p t e m b e r
the Pintsiil popdation  was at its g rea tes t . The initial August peak repre-
sents drakes that gathered  prior t o  heading southp while the large
September peak vww mostly hens and their young. Non-breeders may have
been ~ B~bstantid ~~p~ent o f  bdh ~Wse Pintti I-lumbws  d ropped
drastically by the seeond half of September, when they were still the most
mmmcm cluck. None were seen on an C3etober 279 1980 mnwey~ and a late
d a t e  for departure  from w e s t e r n  Alaska is given as 9 Oetober at l’%inivak
Island (Gabrielson and Lincoln 1959).

American Wigeon were uncommon n e s t e r s  in Norton Sound and became
eormnon in late summer &s they g a t h e r e d  from northern and itimd a r e a s
(Figure 31). They arrived earlyp coming w i t h  Pintails by the  end of t h e
f i r s t  week  in iiiay in both years. T h e y  inereaseed in the siecmd half of
September and were rmxtly gone by tie end o f  t h e  mcmth (1980h A- ~irior
peak in July pr~tily r e p r e s e n t s  pre-mcdting males and n o n - b r e e d e r s
g a t h e r i n g  fkmm areas outside of Norton Sounde In Alaskq their denses t
nesting eoncentraths  are inland~ with densities only one-third as great on
coastal  ~tirq notably on t h e  Y-K Delta and around Kotzebue Sound (King
and LenSink 1971).

Mallards were also common nesters  in our  s tudy  areas with a s p r i n g
migration peak in late i$!ay and a fall peak coinciding with the abundance
of wigeon (Figure 32L As with wigeona most Mallards emne to Norton
Sound to stage ftiowing Q breeding effort  elsewhere, mostly inland as well
as on the Y-K Delta (King and Lensink 1971k
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‘Figure 33 Clepk?ts Eiea$xmil  budmee for Shovders and GreenWing ed
Ted daivd from grmM Wqq these two spedes9 pmtkdwly W& were
easily walmkd  frm tie a i r . Ted were fah==ly mmnon D=%WS in May md

-  June and w e r e  most c-on in mgus~ Whm ywng  were ndgd and molt
was finished for’ mmy &&l@, They were not e-on in spring until the
seeond half of May9 md became W?aree by dd+eptmber9 mmaging to
eqlete nesting PdatiQ~~ C@kq,

Shmdm were also fairly e-on &ring the meting  manmse Some
arrived sit the end of the first week in May ‘with the ‘iW$t Pintail flcwks$
and t h e y  were mostly dqwtd by M+eptmw. ‘They were W@ue in Rot
s h o w i n g  a pat+r+i~ peak that w@d mrmay hldia ate prmigr~to~
s t a g i n g .  This might be expldned by m egress 0% males to molt elsewhere~
or a quk?k departure of broods after  fldging.

(b) Diw~s.  Scmters, mostly Bhaek $eoter~  t y p i f i e d  the seasonality of
divers$ pe*hg in spring during migr’atio~ bwmhg SC am? e in Awg?.lst
during their mcll~ and mmsing  again in Septmbm  prior to their trip south
(Figur’e 34). Unlike d~blers$  saoters were not e-on in low w e t l a n d s .
Those nesting wmnd  Norton SQWI d o  so adjaemt to itimd rivers where
shrubby alder and WWOWS are cormnoq tiough open tundra nesting may be
fr~uent dsewh~q as on the Ii’% Delta where over 1 0 0 , 0 0 0  nest (Bellmse
1976). ~ter ineUbatiOn  beg&UI, ~~ f ’ l e e k s  Of ~d- wel’e t? CilIllOIl dO~~

roe~ headmd~ except in August during their molt. Thy probably gather
f a r t h e r  offshore at this time$ as Dr’ury (1980) *smd molting surf SC?oters
north of the Y-K Deltas while 7 to 28 thousand molting seoters have been
seen from mM+@y t.klrcaqgh  Agust west of the Y* Delta from ape
Itomanzof to Cape Avinof (13w$ in prep.).

Qmmn Eiders exhibit a seasonal pattmn similsr to taat of sc o~ers~
except for an Oetc+ber pwk long after most othe.P ducks have g o n e  south.
On N Cletober 19803 there were at least 760 female plwagd e i d e r s ,  mostly
C@llTllOnf from ~ome to Koyuk in f’hX?kS Of 4~ to 1~0 !NKi one of 250.
Common Eiders winter as far north as the Bwing Strait  if ice permits (King

and Dau 1981].
we saw King Hid @$ itirquentiy; yet thq? are an tiundmt niigrmt

offshore in late ,AgnW, and early to mid-~ay~ pwt~dwly near the ‘&wing
strait. Peak pwsage  at Dm Pointp mum of Norton Sourq has WX?ufred
from 11 to 15 May (Gnovw 19269 Mwie h G*ridmn .aRd Lineoh  1959),
while peak Mgration at wales IM#S been Obsmd on about 21 April, (Flock
and H@bti 1979) aml in early i%’lay (Balky 19=48). A.ri ihha=e  paiwag e was
‘NM fwrI M A.@J b 1 May at $inuk abcwt 40 km W@Xt Of Home @ I i i . 1
%923]. i%lost winter south of the Bering Sea ice edge (Gill et ale 1979),
while s o m e  may %nter in ie e-free  polynyas south of’ Nmivak Island (Dau~ in
~rql.)  or south of other Berix’Ig Sea kdand$ib ~ey hWe been k n o w n  tO
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appear h Offskm? leads ‘at wales by mid-f ’vfarch 03ak’y 1943). Riu
migrants have passed thrcmgh the Bering S t r a i t  a s  early as 11 July [Bailey
1943)s though these were on the S i b e r i a n  shore. Males Wwe !aOtieeably
absent in late S e p t e m b e r  st FWdvak khnd (Dau in Gill et L 1979); t h e y
may come south later w’ migrate m u c h  farther  wes~ ~sibly along the
Siberian coast.

Speetacled Eiders nest mostly cm the Y=% Delta and in the A m e r i c a n
and Siberian arctic  (Dau and Wstehinski 1977) but apparently use Norton
Sound to a limited extent  for molting and have been seen in molt 40 k m
west of Stuart  Island cm 15 Septenbert 100 y e a r s  ago @k.kn  1883).
Wdby mted 420 $peetaded  Eiders in mottled plumage 24 km ~mt of Cape
Darby on 11 September 1977. We also found 500 to 1$000 mottled male
ph,unaged  birds along the s o u t h  shore of S t .  L a w r e n c e  Island o n  1 8
September 19800 The location of molting females with young is uncertain;
t h e y  may oeeur with males in flocks far offshore [Dau and Kistehinski 1977},

Oldquaw were early migrants. IWany follow the King Eiders north to
t h e  arctic  (Wcmdby and DivWy~ in pxwpe)~  while s a m e  remain t o  nest in
western Alaska. The June low (F&are 34) represents  t h e i r  mcwe to tundra
nest sitess while the July peak indie~tes male flocks in near shore watersy
p r i n c i p a l l y  along spits ~t Brevig Lagoon and along r o c k y  h e a d l a n d s ,
readying for their molt.

The s e a s o n a l  patterns  of se aup and m e r g a n s e r s  mimic the seoter
pattern closely. hfore frequent sampling would probbly have shown a lag
in merganser ~hal~j as they were relatively late nesters.

4. mgraphie Dis&ibuti@D
Dud-m are unevenly distributed throughout Blorton Sound$ and this is

due to the uneven di~ibution of productive habitats and to the concen-
trating effeet of migration routes. patterns  of distribution will be
presented fimt in terms of duck densities and then on the basis of popu-
lation estimates.

Most ducks+ and partiwhrly dabblers$ concentrate in wetlands, and
their average densities in 14 wetland areas is shown in Figure 35. ‘This
graph shows that densities vary greatly between wetland areas and from
yew to yew at certain sites. T%ese figures swe strongly biased towards
the post-breeding se~o~ especially September censuses of each year.

WetlMds of the Fish River (Gobvin Lsigoon)s Moses Point$ Koyuk,
Stuart  R&w@ and Stebbim had the h i g h e s t  d e n s i t i e s  of ducks. Port
Clarence,  the Woolley L~oon to Sinuk area, and Unalakleet w e t l a n d s  had
low dens i t i es .  The E%dsmaref  mast was censused only cmee~ cm 16 A u g u s t
1980~ and its low density may be unrealistic.
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WOOLLEY LAGOON

FLAMBEAU AND
TT,I)ORADO  RIVERS

SAFETY LAGOON
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Figure 35. Geographic distribution of ducks. Data are from
1980 and 1981 wetland aerial surveys. Highest densities are
in the northeast Sound. Densities varied greatly between the
two years for most wetlands.
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1981 densities were considerably higher than 1980 densities at the
Fish Rivers Koyuk~ $haktoolik~ Stuart  Ialand~ a n d  Stebbiris w e t l a n d s .  A
dramatic drop was found at hic+ses Point fmn the first year to the seeond,

Diving ducks are noticeably more prevalent along the mast than on
wetland% their density distribution across 15 coastal sections is shown in
Figure 36. ‘IMs graph shows that diving duck distributions are fairly homo-
geneous along the Sound from year to year$ but that exceptionally high
local concentrations may occur, The 1980 peak in the Nome to Cape Nome
(No. 6) seetion represents only a few hundred birds, mostly eiders amd
seoters~ gathered off the rocks of Cape Nome. ‘i%e highest density of 15.1
birds/km in 1981 is due to a single observation of over 1~000 semJp in
Golovin Lagoon on 10 September. Seaup concentrations are probably a
regular phenomenon t.here~ since 1,530 were seen in the same area on 10
September 1980,

Actual popula t ions  of ducks in each wetland area vary g r e a t l y ,
depending on size of the wetlands and densities of birds in each. We esti-
mated these by extrapolating our highest densities in each wethnd~ using
our wetland aerial surveys from 1980 and 1981 and a ground-based mapping
of productive habitat (Table 14)e Our results should be used with cautio~
they are subject to error$ and they are only estimates of maximum popu-
lations on our census dates. Our counts were probably low? as uncorrected
duck surveys often are? and larger populations may have occurred on days
we did not census [see ‘Methodsn).

Stebbins9 fvloses Poin& and Fish Itiver wetlands clealy had more ducks
on peak census dates than did the other areas9 each holding about 10,000
or more. These all occurred in the first half of September near the end of
staging. F@& also had a large count with alight.ly over 59000.

Shaktocdik wetlands had only moderately low densities and a projected
total of over 2P000 dueks$ principally due to its large area. ‘l%e same is

true of the lmuruk 13asin with nearly 39000. Safety Sound9 the Flam-
beau/lHdorado a.rea9 and Stuart laland held somewhat lower populations.
lZxtremely low totals for port ~arenc~  the uea from Cape Woolley to
$inuk~ and the ?.Jnalakleet Deita are all probably not realistie. Higher
populations probably occurred for short periods during migration, although
these three areas appear to be less important for ducks.

Routes chosen by migrant dabblers may be similar to those used by
geese. When northbound many come on inland routes over the upper Yukon
VaUey~ and this is especially true for prairie drought populations. Others
may move mast ally from the Y-K Deltq and moat se oters~ Clldsquawsj and
eiders reach Nortca Sound via a coastal ~Ute, Moat Greater Scaup in
Alaska winter on the Atlantic coast and migrate across Alaskaqs interior
(BeUrose 1976).
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Figure 36. Geographic distribution of diving ducks. Data are from
1980 and 1981 shoreline aerial surveys. Densities are fairly regular
across all coastal sections with locally high densities in some
areas that are usually due to short lived concentrations. The peak
at Golovin in 1981 is due to a large flock of scaup in early September.
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‘I’able 14. Maximum projeeted duck p o p u l a t i o n s  at 12 w e t l a n d s  in
Norton  Sound.

------------------ ------ ------ ------ ------ ------ ------ ----------------—----- --------------------- -------- ------- ------- ------- ------- ------
Ducks/ Wojeeted

Mea Mo/Dy/’lKr Minute m2 Popkl14at i on
------- ----e--- --------------------- -------------- ------- ----m-- ------
Port Clarence 9/5/81 9.4 13.4 2062

Inmuk &Sin 8/16/80 29.5 116.5 2,895
Cape Wool 1 ey to Sinuk 9/17/80 5.4 29.8 1362

Eldorado  and Fltieau Rivers 8/23/80 83.7 20.2 1,424
Safety Lagoon 9/23/80 77.0 37,3 2,420
Fish River Del ta 9/10/80 300.7 38.5 9,753
Moses Point 9/3/80 283.4 49.9 11,913

Koyuk 9/23/80 98.5 61.4 5,095
$haktool  ik 9/23/80 50.8 51.3 2,194
Unalakleet 9/6/80 26.6 14.6 922

Stuart Island 9/10/81 73.5 22.0 1,362
Stebbins 9/10/81 60.4 169.8 13,482
------ ------ ------ ------ ------ ------ ------ ____________ ------ ------ ---------------- ----_- -----_ ------ ------ ------ ------ ------ ------ ----------
.
‘Mscxj on a flight speed of 177 km/hr and a
each observer; see WIethods. ”

2These low counts are surely not indicative

400 m observation path for

of actual maximum levels.
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5. Hating Phenologie
Mat fe$llde dtlt?ks emit nedy mqu~tw Of each yew tO n=”ting

and raising a brood. One week or longer is needed to complete an average
‘clutch of seven to eight eggs~ laying one eaeh day. These are incubated
for three to four weeksj and the Imtchd b r o o d  b gumckcl fm up to t w o
months. l%$ging periods for ducklings in .Ahiska are typieall.y  80 to 90
pereent  those of $wklings  in t.e$nperate znes. This is due  to i n c r e a s e d
dayligh~ broods are able to feed for a Mwg er time in a 24-hour period and
e a n  thus grow r e l a t i v e l y  quickly, reaching flight  s t a g e  sooner thsn
fledglings in temperate Zomse This mikes arctic areas a t t rac t ive  places
for ducks to nest.

Figure 37 illustrates  n e s t i n g  ehi’onolog ies f’or dabblers and divers as
d e r i v e d  f’ivxn 179 ~s-atio~ Of nests (n = 130) or broods (n = 49) in 1980
a n d  1981 [Tlable 15]. In b o t h  yesrs iee breakup and snowmelt on the tundra
was OrIe tO two weeks esrlier  md this sallowed early nesting.  ‘The range in
dates  f’or laying~ hatehing~ and f l e d g i n g  results fronu (1) individual  vari-
ation within a speeies~ (2) differences betwe~ speeies~ and (3) l a t i t u d i n a l
dtif~~ee, with northern and ‘ w e s t e r n  ~hmolo~ies Wwaging later t h a n

t h o s e  from the inner sound,
Dabblers beg am nesting earlier thn did divers? and were laying eggs

(wer a longer period. In both year% the earliest nesting dabblers were
Pintail~  start ing in mid==blayj two to three  weeks  mrlier  than the f irst
n e s t i n g  0h3squawP the earliest  divers. me bulk of dabblers began laying
eggs  in early Junee TM% in 1980t the average date of clutch c o m p l e t i o n
was rwg~y the same ftw divers w it was for dabblers$ though divers w e r e
about nine days later than dabblers in 1981.

Most divers take longer thsm d~bl~~ to c?ompld ~ thd~ nt?sting
pdx$ tkr&Iy atmding tlw dtmk n=ting $m$cm. Th& eggs require a
few more dtqys of incubation than do most dabbler egg% md their y o u n g
need a week or more longer than dhblm to attain flight. Combining  t h i s
p r o t r a c t i o n  with a later startt as in 1981s results in a nesting emi~ent
lasting  t w o  w e e k s  beyond that of’ dsbbkrs. ‘Ihus~ @eks were engaged in
the nesting cycle from mid-ilJay9  when the first dabbler egg were hid9 until
mid+eptember when the last divers fledged.
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37. Nesting phenologies  of ducks. Dabblers nested earlier than divers and
their young usually fledged earlier. Compared to 1980, 1981 was an earlier year for
dabbling ducks and a later year for diving ducks (mean dates).



MIe M. Nesting phemlogies  of eleven  dmk  speeks in Morton !30und, 1980 and 1981.

— ------------------------------  ---------------------  ------------------------------  ---------------------—------------  -----------------------------------  -------------------  -------------------------------------
HatehiElg  Dates {Wmay)

1980 1981 h=etmb$ltt  ion Hedging

spa? i es
—

Early Late hkarl (n) Ear ~y Late Mean (n) Perioi+ Per iod i
.—---------- .---.0 =---- ------------------------- --------------------- -------------- -------------------- . . . .
Pintail 6/14 7/15 7/4 (5) 6/10 7/18 7/4 (15) 22-23d 36-43d

A. wigem 6/19 7/13 7/3 (3) 23-25 37-44

N. Shoveler 6/30 7/19 ‘7/5 (4) 6/14 7/17 6/25 (16) 23-25 36-39

G.-w. Teal 6/17 7/27 7/9 (10) 6/15 7/20 7/5 [13) 21-23 34

Redhead 6/30 7/10 7/8 {3) 24-28 56-73

* C&eater Smlp 7/6 7/22 7/13 (7) 7/4 7/29 7/18 (23) 23-28 45-472

E Gunnon Eider 6/30 7/18 7/4 (11) 26 56

$psetacl ed Eider 7/2 (1) 24 50

Oldsquaw 7/1 7/15 7 / 5  (111 6/22 7/18 7/2 (41 26 35-403

Black Scot er 7/16 (1) 27-28 42-49

-----------------  7/11 ::____::__:2 ) --:::___-:::---__;____--__:-:___.:___Red-breasted
Merganser
-— ---- ------ ---—- ---------------------- --------------------- ------------------------- --------------------- --

1Bel@se~ 1976a exmpt  where noted. Fledging periods are po5sibly shorter for -m@ spedes. Periods given are
generally from more southern sreas~ whereas northern ducklings grow faster  with more daylight f ceding hours.

2Fledging period of ksser scalp.

3Aiison, 1975.



8. Prairie  Drought Popwh?ltima
Droughts in high density duck nesting areas of the northern prairies

encourage many ducks that otherwise nest in those regions to eantinue
their north migration. This  results  in an influx to the aretie and aubarctie
(Hansen and MeKnight  1964]. Noteworthy refugee  populations of Pintails
have been fouti in Alaska!s i n t e r i o r  (Ehnith 1970)P in Siberia ~~ny 1973)9
and on the aretie c o a s t a l  plain where R. King (in 13erksen and  Eldridge
1980) found seven-fold differences in Pints.il numbers between a prairie
drought year (1977’) and Uhe following wet year.  Other speeies known to
show this response are Blue-wing ed T’ealt Shovelers, Mall ards~ Redheads,
Canvasbaek~ Ruddy Duek~ and Ring-necked Ducks (Hansen and MeKnight
1964)0

Both 1980 and 1981 were drought years in the prairies (as were 1973
and 197’7), and this resulted in emigration to northern breeding grounds

(~~ms ~d ~~~ ~9$l)e That these refugees reached Norton Sound is
supported by our numerous observations of Canvasbacks (’l%ble 16) and
Redheads (Table 17) which are normally quite rare there (Kessel and Gibson
1978). Even though our surveys were less extensive in 1981 than in 1980,
total numbers and frequency of sightings of C%rwasbaeks were gre~ter in
the second yeart suggesting a compounding effect  of the continuti
drought. Redheads were also more common in 1981.

Unusual Pimtail immigrations are less obvious, as these birds are
normally mrmnon in Nmton Sound. Our prime evidence for a large refugee
population is their low productivity. This may approach zero for refugees
in northern areas (Derksan and Eldridge 1980). We found a noticeably low
proportion of Pintdl nests and broods relative to those of other ducks (12%
in 1980, 22% in 1981) compared to their high proportion in the June duck
p o p u l a t i o n s  (76% in 1980 and 80% in 1981). The same is true when
comparing the proportion of Pintail nest  or brood records in the dabbler
totals  (26% in 19809 3 8 %  in 1981), A crude estimate would then place the
non-breeding Pintdl population at threeqmrters of all Pintails present.

Hansen and MdK,night (1964) postulate that refugee ducks are the
later migrants to the prairies which move north to find unoccupied suitable
habitat. Many of’ these may be young and inexperienced breeders~ and this
would partly explain their low production in the north.

The importance of this emigration from the prairies may be great.
These overflights may reduce excessive competition on the prahies  during
poor year% and they probably enhance survivorship in the summer as well as
the physical conditions of winter birds (Calverley  and Boag 1977). Once
precipitation brings the prairie habitat back to normals the swplus of ducks
that spent the previous summer in the north can then reoeeupy the prairies
(smith 1970). Prairie droughts are not unusu~ as there have been four
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----------------------  ---------------------  -----------------------  -,-----------------------  -------------------------  ------------------------
1$$0 1981

Mx?ation Number  Me/Day Mln’lber Me/Day
-------------------------  ----------------------  ----------------------
hmruk Basin 21 5/26 17 6/3

Nune 10 6/3

Safety Lagoon ’40 6/13 6 5/23

4 6/3

14 6/23

(1210vin @goon 20 5/8 3 5/18

1 6/3

5 6/6-8

1 6/22

Moses Point 2 5/18

2 6/8

Koyuk 2 5/31 2 5/6

1 6/9 6 5/18

18 5/26-27

Shaktool ik 2 6/8

Stebbins 3 6/21 2 5/6

11 6/9-14

9 8/29
--------  -------------------------  ---------------------------  ----------
mtal 87 115

Frequency 6 18
------------------------  ------------------------  ------------  ------  ---_---- ------------------------ ------------------------ ------ ------ --
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‘1’SIMe 17. Redhead  sightings in Norton Sound, 1980 md 1981.

-=----- ------------- -------  -------  ------ ------------------  ------  ----------------  ------  -------------------  ------------------------  -------
1980 1981

LQeaticm Number Me/Day Fhxnber Me/Day
----------------------  -------  --.--=- ---------------------  -----------
Brevig Lagoon 4 7/7

Imruk Basin 4 6/3

Port Clarence 2 5/30

Safety Sound 8 6/29

G21ov in lagoon 2 6/3
7 9/10

Moses Point 11 6/16 2 5/18
10 7/17

Koyuk 22 6/9 2 5/18
11 5/26

Stebbins  - 24, 6/21 19 6/9
10’ 7/18 1 8/29

12 9/10
--------------------- --------------- ------- ------- ------- ------------
‘Rotal 61 60

Frequamy 8 9
------------ ------ -------------- ______ ------ ------ ------ ------ ------------------ ------ -------------- ------ ------ ------ ------ ------ ------

1lien with 9 chicks for both sightings.

2
Nest with 7 eggs.
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Ga Sandhill  Cranes

SandhiU Q’anes are unconxnon  breeders in wetlands of Norton Sound.
~ey nest from northeastern Siberia throughout mcst of Alaska and in
northern Canada. Daring both spring and fall Iarg e flocks of cranes pass
through Norton Sound, using wetlands as staging and feeding areas. Many
are headed for Siberian breeding grounds.

1. Habitat use
Cranes were primsrily found in wetlands, and were eormentrated near

river delta shorelines and near protected and expawd  shores with wet
tundrq as censused by air (Figure 38). ‘he highest density was found
along protected shores with moist tundr~  though this is almost entirely due
to lg300 cranes found on one flight in the hnuruk Basin on 5 September
1981. High densities along river mouths was due to a little over 100 birds
in the limited habitat.

2* Seasonal. Use
(a) Spring  Migrstion, Maye The N o r t o n

ienee two population peaks of Sandhill CYanes,
migration and a nn.mh larger peak during the
Snowmelt and ice break-up were relatively early

Sound coastal areas exper-
a small one during spring
fall migration (Figure 39).
in both 1980 and 1981~ and

led to an early migration of Cranes in spring and fall of both years.
Flocks of cranes were already flying past Nome when we arrived in 1980 on
5 May. The bulk of the migration appeared to pass through frmm 5 to 10
May. A few stragglers were seen as late as 26 May. Flock and Hubbard
(1979) reported similar dates from Wales with the major cram migration
occurring from 5 to 15 May 1978 and on 10 May 1970. In 1980 we did not
fly aerial wetland surveys until 31 May, so Figure 39 does not show 1980
spring migration ciensit ies.

In 1981 our first shoreline aerial survey was on 1 May (from Nome to
Koyuk] and no cranes were seen. On 4 May several flocks of up to 180
birds were seen heading west between Norne and Golovin  and migration
continued until 12 May. On 18 May$ however, there were still over 300
birds on wet tundra at IKoyuk and small flocks elsewhere. Peyton and
Shields (1979) report that  the crane migration peaked on 19 May 1977 on
the wet tundra at the Inglutalik delta  (near Koyuk) with 2J800 birds per
day.

We have no total estimates for the spring mane rnigratio~  but Shields
and Peyton (1979) est imated that 6~000 cranes used the Inglutalik delta
(new Koyuk] in May 1977. On 23 May 1964 two observers (Breekenridge
and Cline 1967) witnessed am estimated 15,000 to 20,000 sandhill Ckanes
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F i g u r e  38. Habitat u s e  by C r a n e s .  Data are from
1980 and 1981  s h o r e l i n e  aerial s u r v e y s .  Cranes w e r e
most concentrated along wetland shorelines (river
delta and wet tundra shores) and on moist tundra
along ghrotected  shorelines. In this latter habitat
cranes feed on berries~ especially in late August
and September. ‘l?he high density at river mouths
represents a little over 100 cranes in a limited
&abi*at.
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Fi”gure 39. Seasonal abundance of cranes. Data are from 1980 and
1981 wetland aerial surveys. Peak crane populations occur in late
summer in Norton Sound. The 1981 peak came later than in 1980,
a“lthough this lag may be an artifact of samPlin9 dates in the
second year. In spring the cranes passed through the Sound in early
May before the wetlands were free of ice and snow, and before we
had flown wetland surveys.
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h e a d i n g  across the Bering Strait  from %Vtdes. In 1964 spring was very late,
and seweral days of bad weather ~pumtiy held up and eomolidat@ t h e
m i g r a t i o n .  Mmt of these cranes passed tirmgh Norton $oUnd en route to
l?ales~ and given such c o n d i t i o n s  the number of emnes present in Norton
$oUnd could be large.

b) Bre@ing, JMnehguste Breeding dmsities  were far below t h o s e
of migration. Ordy three nests were heated each year.  We have eonserwa-
tively ~that~ the breeding p~dation of the 13 major  wetlands as  200
pairs. ‘TtIe entire  b r e e d i n g  p~dation of Nmton Sound coastal  a r e a s  is
probably much higher. Koyuk and $tebbins had the Iarg est number of
bmXh?r’s9 40 ‘to 50 apiece. me Fish River delta and s a f e t y  Lagoon had
breeding poptiatiom  of 20 to 30 cranes.

(e] Fa Migration$ Late Agust”septmber. Large f’leeks of
several hundred to more than one thousand mines congregated on some of
the Norton Sound wet lands  during the peak of fall migra t ion .  Fall crane
migration in 19$0 and 19$1 was considerably earlier than in 1975$ when it
peaked cm 19 *ptember (A,SOO to 5 , 0 0 0  ersnes  (13rury 1976)). h 1980 it
peaked around 6 September$ while the 1981 peak was about 31 August. We
did not census past 12 September in 1981. Migrating cranes were still
abundan~ and many undoubtedly roved through the area after this date.
Higher fall d e n s i t i e s  in 1981 w e r e  probably due to s a m p l i n g  at peak
passage rather  than reflecting an increase in population from 1980.

Peyton aRd S h i e l d s  (1979) noted on the wk-lnglutd~ Delta that
the highest densities of cranes oeeurred in the evenings. Large numbers of
cranes left the delta  early in the mornings s u g g e s t i n g  that  most b i r d s
remained only one day. They observed about 16$000 cranes moving through
the delta on 16 S e p t e m b e r  1977$ the peak of m i g r a t i o n . Drury (1976)
counted about 10$000 cranes p a s s i n g  the Bluff ecdcmies the  first t h r e e
weeks of September 1975, Numerous other flocks were heardg but not
Counted, He estimates that they probably saw only 20 to 30 percent of the
small f’beks of cranes that flew by. Surprhingly$  we saw little coastal
migration of Cranese

3. @ogr&phie  Distribution
$mdh~ Cranes were present in all of the major wetlands (no data  for

thuahkleet~ which was not eensused during crane migration)~ but some areas
w e r e  @tiou@y more @@tat than others (Figures 40 and 41)9 particularly
for feeding and stopover during figration. May densities in 1980 are low~
since the areas were not mnsused until after the crane m i g r a t i o n . May
data for 1981 show that ?iKoyuk was a major s topping  point. for .migrat ing
Cranes in the spring. l% saw many flocks of cranes flying over Golovins
beading towti tie Fkh River dati, from 5 to 12 May 1981. It i s  u n l i k e l y
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Figure 40. Geographic distribution of cranes in spring (MaY) and late su~er
(late August to mid-September), 1980. Data are frcin wetland aerial surveys.
Spring migration was mostly uncensured: late summer concentrations were at
the Fish River Delta, Koyuk, and Stebbins. Compare to Figure 41 (1981 data)
below.
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Figure 41. Geographic distribution of cranes in spring (May) and late
summer (late August to mid-September)  , 1981. Data are from wetland aerial
surveys. Koyuk was the major spring concentration point, and Stebbins
was a major stopover in late summer (as in 1980, see Figure 40) . Note
the heavy use of Port Clarence and the ]muruk Basin wetlands and the low
use of the Fish River Delta and the Koyuk area in late summer relative to
1980.



that many stoppe$, since break-up there was so late (15 May 1981L We
suspect that they bypassed the delta  for Safety Lagoon or Imuruk Basin,
It is apparent that many cranes take a coastal  route between Koyuk and
Wales h spring (Figure 42)9 and overland routes to Kotzebue SoUnd and the
Dnuruk Basin are possible,

Shaktoolik  (Malikfik Bay) also hti fairly high densities on 6 May 1981.
Iminwk Basin and the Port C l a r e n c e  ‘BiCepn were not  censused in May in
e i t h e r  1980 or 1981. They have high fall migration densities (see below),
and may be important stopover points during spring migration.

l%e highest densities during fall migration occurred at $tebbins in
both 1980 and 1981, Koyuk had high fall densities in 1980, though 1981
densities were relatively low. It is possible that the bulk of the cranes
moved past the Koyuk delta between our census on 28 August and the next
census on 10 September 1981e Several other areas - Imuruk Basin, Por t
Clarence,  the Fish River Delta, and $haktoolik - had quite different fdl
migration densities for 1980 and 1981. We may have missed major move-
ments of cranes %hroagh these wetlands. It is also possible, however$ the
use of some of these areas is quite variable. Maximum proj~ted popu-
lations for each of the wetland areas are given in Table 18 (see Chapter V
for an explanation of how these figures were derived). Highest populations
are projected for Stebbins and for the hnuruk Basin.

Fall migration routes are similar to those in spring and the overland
route southeast from Imuruk Basin towards the Fish River Delta or Koyuk is
Iikelyt considering the high fall numbers at the hnuruk Basin.

In summaryp the most important areas for cranes in Norton Sound were
the Koyuk wetlands in spring and the $tebbins and hnuruk Basin wetlands in
fall.  The Fish River Delta and the Port Clarence ‘Bicepw were slso impor-
tant stopover Weaso

4. Nesting Phen@logy
Our information on the phmology of cranes is based on only three

nests each year. In 1980 nesting began on 13 May, and in 1981 on 2 0
hlay. Hatching began 12 June in 1980 and 20 June in 1981. The late
hatching date of 19 July 1980 was possibly a re-nesting  attempt.

On the .Inglutalik
found a mean hatching
19779 respeetivdy.

delta just south of Koyuk, Shields and Peyton (1979)
date for cranes of 13 June and 6 June in 1976 and
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Table 18. Maxirflm projel?ted  m i g r a n t  mane p o p u l a t i o n s  at 12
wetlands in Norton  SOmd.

------------ ------------------ ------ ------ ---_-- ------ ------------ ----—---- ------------------ ------ ------ ------ ------------ ------ ------ ----
Craues/ Projeeted ~

Wet 1 ad Area MofDa/Yr Minute l!an2 I!?opul at i on
-------------- ---------------------- ------- ------- -------------- ----- --
Port Clarence

~~uk Basin

C. Woolley to Sinuk

lildorado and F1 anbeau

Safety Lagoon

Fish River Del ta

Moses point

@uk

Shak tool ik

Stuart Island

Stebbins

Rivers

9/5/81 53.4 13.4 603

9/5/81 68 .7  116.52 6 ,739

9/16/80 3.1 29.8 78

8/15/80 2.7 20.2 46

6/13/80 1.9 34.6 55

9/6/80 41.1 38.5 1,332

8/28/81 ‘7*2 49.9 303

9/6/80 56.6 61,4 2,926

9/10/81 5.7 99.32 477

8/28/81 25.0 22.0 463

8/28/81 5 3 . 4  169.0 7,599
------  ------ ------ ------ ___ ------  -----  -----  -----  _____ -----  -----  ------------------  ----------  ----- -----  -----  -----  ------  ________  -----  ----- ------

lBased on a flight speed of 177 km/hr and a 400 m observation path for
each observer (see the ‘Methodsn ~h~ter).

2Square km of wetlands given here for InwIuk Bssin and Shaktoolik  are
greater than those in Tables 21 and 22, used for calculating shorebird
populations. (lanes at Imuruk snd Shaktoolik  were more widespread CYVer a
mix of moist and wet tundrq and thus a large wetland size was assumed to
include this additional habitat.
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shor~kds were m i.mportmt  element  of the Norton sound Wifaurtap
eqrbing 35% of all birds meo’unted on lmd Wmeys in or’ nesr wetlands
(see Chapter vI”& “AM Btids”). This SWtion addrsss habitat  use and the
depencleme  of shor~kds cm wrious  habitat  types. *asond and yearly
variations in habitat use and the g~grap~e dstiibution of shorebirds in
N~t~ SOllti me d= di=~~$tie A U  data are from land surveys since
s h o r e b i r d s  We small and best surveyed from land rather  than air. This
Mrnits our di=ussion  of h~itit use and di-ibution to wet tundra (wetlands)
ad adjaeat areas? sirwe t h i s  is where we ememhatd our samples. These
are the areas and h~itats that  could be expeeted to have the h i g h e s t
shorebird densities. Gill and Handel (3981) present m overview ‘of shorebird
resourees in t h e  eastern  Bering Sea with e m p h a s i s  on use of’ littoral
habitatse

1. Belatiwe hudmee
For this di=ussion we have divided the shoreb i rd  fauna into five

grmp~ based cm their status in Norton Sound. The most importmt group i s
the mxnmon ‘wetimd breeders$ R emp~d of $mipmatd and W e s t e r n
Sandpipers ,  Durdin~ and Northern Phdwq=. ‘Rwe four We the most
eommn speeies of ~or~~d in Norton SW@  cmprking 8 2 %  of the total
s h o r e b i r d  pqdation (~le 1910 Mm discussed are three species of
Ummm Wetimd bred- that  nest in low nmbws [6%) in the ar’ea~ and
four speeies of uplmd bredm (6%). A  fm otha ‘sho@~d s!?~ie~ n~t
occasionally cm or near the coastal wetimds (less than 1%1. Also discussed
sre speeies that  prti~fly nest e l s e w h e r e  cm in small numbers in eosstal
Norton Sound, but are present as migrmts  (5S%).

Over@.UP Northern Phakwopa  W$iW~ the I!IOSt @Und~t shcw+k’d (223%),
eksely f&ow@ by SmipaatW Sandpipers (21%1. Smiptiat4 Sandpipers
were aetudly more abundmt as breeders~ emprbing 43.9% of the b~~ding
shorebird pqtiation$ empmd with 25.9% for phahm’opeso Their early
d e p a r t u r e  from the br@ing groutis made them rdativdy Less abundant
t h a n  pha.huqms over the Whdf! S(2tISOIh C%dleetively$  the four cwnmon
wetland breeders eowtitited 92.’7% of the total breeding popu.kdion of
shorebkds ill Nwtm sound.
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Table 19. Relative abundance of shorebirds in coastal Norton
Sound.

—

‘Ryat  ~er~fmt

GWup speeie$ Pap @ Breders

Clminon  Wetlt?dmd
Breeders

Uncommn Wetland
Breeders

@land  Breeders

Qeeasional  Breeders

Migrants

Sen@Mnat  ed Sandpiper
W~t~ !kdpiper

Northern Phala.rcpe
I.hidentified  Sandpipers

‘ma]

Black ‘Ibrns tone
Ckruncn Snipe
Lorqg-billed Ihvitcher

‘Ibtal

Aner ican &dden Plover
Whinbrel
Bar-tailed Qx&dt

!nBtal

131~k-bell ied Plover

ELYSF{
Spot ted San@iper
Least Sandpiper
Hudscmi sm @3wit

TImd

Ru9 lbrnstone
Surf ird
Wender ing ‘lhttler
IRdtRd:

Sharp-tai led iper
Reek _iper’
IWfous-necked %ndpipw
BairdVs Sandpiper
Smderling
Red Pi-Id ar’upe

‘Md

lhidemtified  Shorebirds

5.7

2.0
1.3
2.4

5.7

< M< 0.1
<0,1

< : : :
<0.1

0,5

0.2
2.3
0.3
0.2

::;
< 0.1

1.6

5.5

0.5

100.0

43.9
11.9

2!::
1.1

92.7

i::
0.5

2.5

1 ● 2
1.0
2.2

4.3

< ::;
<0.1
<0.1
<0.1
<0.1
<0.1

0.2

<<o d

<0.1

<0.1

100.0
——— —.— .—-— ——
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MOIST TUNDRA

WET TUNDRA

SPITS

OTHER SHORELINES
RIVER MOUTH

DISTURBED

NON-SHORELINE HABITATS:
MOIST TUNDRA

WET TUNDIU

non e
4

JUNE

LEGEND :

~Semipalmated Sandpiper
!Z#!21Aestern Sandpiper

not censused v//h3unlin
=Northern Phalarope

none

4 11.0
‘.)=

J

not censused

none

I

16.0

I I

1 I 1
0 2 4 6 8 10

BIRDS PER KILOMETER

Figure 43. Habitat use by the common wetland shorebirds in June. Data are from
1980 land surveys and apply to habitats in the immediate vicinity of wetlands.
Shorelines received moderate use in June , mostly by Semipalmated Sandpipers.
Of the non-shoreline habitats wet tundra was more used by breeding shorebirds
than was moist tundra, except by Western Sandpipers, Since these data were
collected near wetlands, the densities for moist tundra and for shorelines
are probably higher than would be expected away from wetlands.
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while sitting on %he w - face  of the ponds. They my employ me of several
feeding methds; these imlude spiting h-l a d-de while pt%ddng  at the
S’urffx?q %p*ding s like  a d~bling duck ~ or s~~pping at flying insects
(HOhn 1979), Red Phtiw@@  often feed along pond edges (Ridq 1980],
and we *SW* Nwtiwn Phdwwm fedi~ thar’e9 prhwuy upon adult
inseats.

Before chick hatching W=tern SmdpipWs were most emon on moist
ttmdra (Figure 43)B but mewed to adjacmt wet titia after hatching (Figure
44). Moist tifia Weget&tiOn pr~~ly dbws for greater breeding mc!cess~
$inee the mats md young are harder to find there than on wet tundra
(HOhnes 1971). This @vmt~e is prd~ly wough to offset  the extra
energy adults must expand tiavding from moist tundra nest sites to the wet
tundra where they usually feed. Feeding cm moist tundra nesting territories
is less frquat and mtitiy  oeetms early in the breding season ( H o l m e s
19’?2). Beeause of thbp smaller territories suffie ~ and bree$ing densit ies
on m o i s t  titira are higher than t h e y  othawi= could be if the birds fed
exeludvdy  on tari~~ ~oha 19711. A few days after  tie ymng hateh~
the paren ts  lead t-hem away fmm the nest site  to more p r o d u c t i v e  w e t
tundra htii~t and to protated (lagoonal) shore hbitats and river m o u t h s
(Fifyre  44). By mtiq~y these moist tundra weas  in Norton Sound SUPPOr’t
few Western Sandpipers (Figure 44).

The other three common wetland skr~hds make minimal use of moist
tun$ra h a b i t a t s  in Nmton Sounde $mip~atd Smdp@ers smetha n e s t
lierq and w h e n  th&y do they oeeupy dffe~~t mierohbit~ts than those
chosen by Watern  Smdpipwsa W@tmm prefer  a more hmm~ Wdra
composed of a rich Ms-blage of grasses~ 5wlg6+is9  Ikhens$ nKx3s=9 and srrdl
shrubs such as Qwberry (~ _ ~d ~w~f Birch (m m).
It is both s~uetir~y MC! vegetatively more c+omplex than either the moist
or wet tundra sites preferred by $mip~ated Sandpipers. Sem@lmated
S a n d p i p e r  nesting sites cm moist tundra We gaerdly flatter, drier, and
with 1ss Vegetation.

me moist tundra d e n s i t i e s  shown in Figure 43 are higher than would
be found ‘on moist tundra away from wetlands. These densities were
compiled mahdy fmxn timm~ moist tundra (-inks are of heaths)
a d j a c e n t  to OF intermh~ with wet tundra. me tussocky moist tundra
(tlls-ks we d S&gm or grasses) which ccwws large areas of coastal
Norton Sound (see ~WtW IVS Wtidy Areaw) has fewer mall shorebtids.

shordine B& ft@tse  Mtimgh tutira h~iats were used most &?xten-
Sively by the breeding shor~hdsp  they also made use of Shordine habitats
in June. SmipWatd Swdpipws  w e r e  quite nmerws on exp~d beach
backed by wet tutir~ primip~y at Koyuk. They n e s t e d  on the tundra
Close to the beaeh~ and often fed upon the mdf’hts there. No other
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Figure 44. Habitat use by the common wetland shorebirds in July. Data are
frcnn 1980 land SUIWeyS and apply ~0 habitats in the immediate vicinity of
wetlands. Semipalmated  Sandpiper densities dropped on shorelines and tundra
since June while phalaropes became more common on wet tundra (non-shoreline)
and this was mostly due tO the production of young. western Sandpipers
became more common along protected (lagoonal) shores, Dunlin densities
dropped on wet tundra (non-shoreline) .

503



GOUI3OUJA oiuq ou woa nuqi.g

21UJT1L o ¶1I1I?J IG'6J2 (E!arrLG '2)°
MO2 4G GGLG96 o abeGjea

J/wqLv HPUP° jJ16 I1JjU
(in) b -L66qIJ (EXG6b

p9JøLobe2 GOI3Uf16q 1p6iL JOM (126

lyluflu q6u2jje2 LGiJ6 We

SXbOeq POL6flU6
BpoLepLq bec!

shores MMI nest on the adjmmt titir~ where they also feed.  The tidal
range  is gaermy quite Smm in .JUrlep but the lagwm are often so s h a l l o w
that wem with fluctiatiom of one meter extetive tide flats are e x p o s e d .
DunlinB Wmtan Smdp@mp and Nwtian Phduqw were p r e s e n t  in low
densities  on lagocm! !tmleh shorelines.

{U) ~=~-~~~@~~g  (~x@~pt ~~p~l – Jdy. me four major wetland
b r e e d e r s  ex~bit~ pmt+reding ehmg= h hsbitat  use (Figures 44 and
45k ~ese are related to the temporal pr~ctitity of various habitats and
the energy dmmds of molt and migration. July and August are s h o w n
separately~ bemuse habitat  use for sane speeies d i f f e r s  b e t w e e n  mnths.
Koyuk is diwussd sepmatdy @igurU 46 and 47) because it showed h a b i t a t
use patterm different from those of other maw

mtira H&it&tB* In July (Figure 44) Smiptiatd Sandpiper
densities dropped &*tietiy at both shoreline and non-shoreline habitats.
Wet tundra densit ies of both Western Smdpipe~  and Northern Phakropes
Mmased while Wdin densities dropped.  D e n s i t i e s  of both $emipahnated
and Western Sandpipers on moist tundra dropped in July.

Shordine Hmitat$e *iptiat@ Smdpipws and Northern Phda-
ropes were km croon  at all s h o r e l i n e  htiitats than they were in June.
Western $mdpip~ increm@ cm sbrdinm$ pmtkdmly in higoond  habitats
(proteeted  shores) as they moved from tundra  hhitats to the littoral zone.

sane hlw hd.s as h Jlmi?. Ncwthern
of shoreline habitatse
Koyuk) - Mgwste
change  in wet tundra habitats in August
except ~din~ whose densities remained

Western S~dPiPer~ the Otiy shorebird
in Ju.lys decressed in that  habitat  in

Augt@  ‘~eatig few! ShO1’&2tidB associated With mOiSt tutira.
Sh@r&ine Hait&ts. ‘lhe inmease in W=tern  Sandpipers on protected

shordines  that beg m in July Continual in Aguste Many of’ the uniden-=
tified Smdpipers seen on protected  shores in AMgust were probably  Weste rn
smdp@me -iptiatd Sandpipers  were few cm all shor@inest as nearly
all had left tha area.  Both Dumlin and Nwthern Phahropes  were still at
low dmdties along shorelines, though phalaropes were smewhat  m o r e
common along lagoonal (protected) shores.
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Figure  45. Habitat use by the common wetland shorebirds in August. Data are
from 1980 land surveys and apply to habitats in the immediate vicinity of
wetlands. Few Semipalmated  Sandpipers remained in any habitats since July,
and all species, except Dunlint decreased on tundra (non-shoreline) habitats.
Western Sandpipers continued to increase in densities along protected shores,
and these were almost entirely juveniles.
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Figure 46. Habitat use by the Cornrnon wetland s~~~e~ir~s at KOYU~ i-n
July . D a t a  a r e  f r o m  1980  land surveys and applY ~0 hab~~a~~ in the .
i m m e d i a t e  vi_cinity of the wetland. Royuk  i s  t h e  only a r e a  where
shorebirds m a d e  c o n s i d e r a b l e  u s e  of s h o r e l i n e s  backed by wet tundra.
T h e  mudflats e x p o s e d  a t  l o w  tide there r e c e i v e d  greater use than d i d
mudflats. e l s e w h e r e  in the Sound. Western sandpipers [including many
of the unidentified sandpipers) were the most abundant of all. On the
tundra (non-shoreline) habitats phalaropes with their young were the
most abundant.

. .



SHORELINE HABITATS :

b

none AUGUST
EXPOSED SHORES

f
/fl/A

‘WET TUNDRA no<e—— -- -- —-- ----- ---—- ----
- - - - -  - - - - - - - - - -  - - - - -  - - - J!

NON-SHORELINE HABITATS:
MOIST TUF~DRA

WET TUNDRA

LEGEND :

_Semipalmated Sandpiper
none 69ZZ!4Western  Sandpiper

7///ADunlin
iC3Northern Phalarope

none ~_-_7Unidentified Sandpiper

o 2 4 6 8 10

BIRDS PER KILOMETER

Figure 4 7 . Habitat u s e  by the  common wet land  shoreb i rds  at Koyuk in
A u g u s t . .  D a t a  are f r o m  1 9 8 0  l a n d  s u r v e y s  a n d  apply to habitats  in the
i m m e d i a t e  v i c i n i t y  o f  t h e  w e t l a n d . T h e  u n i d e n t i f i e d  s h o r e b i r d s  remaini-
ng on the shoreline (mudflat) w e r e  m o s t l y  W e s t e r n  S a n d p i p e r  j u v e n i l e s .
O n l y  Dunlin and Northern Phalaropes remained on the wet tundra (non
shore l ine)  . Semipalmated Sandpipers? once  abundant  in  &lay, June, and

July, have almost entirely departed (some may have been unidentified).
See the caption to Figure 46 for additional information.



awl Pmt-Breding (Koyuk). Koyuk @iguN2s 46 md 47] was the only
&z&e!3  where shO?&kdS made eowidatile Use Of ~ eX~@ ShOrdine bM?ked
by wet tutia. ‘I%e mdfiats there  received far great= use than those of
*y Other Wetlmds in the mud, smiphatd  smdp@m  were c-on on
the mdflats !m both June and .JulyP timgh July d~dties were propor-
tionately  M“g W. Watwn salMlpip@r numbers imreud fi%xll June to July,
daspite & demease on the wet tutira (see mbl= 20 and 21). Mudflat
populations of Westerns were surely higher than shown beeause the mjority
of the uddentifiti s~dpipws were prbbly Wmtmm. ~din and N o r t h e r n
Phdmq* showed a Similar pattern$ though their overall nwnbers deer’eased.
?hese trends imply a shift  from wet tundra to shorelines from June to July.

In August at Koyuks unlike other areas, Western *dpipa numbers
13ecreasedt while DunKin numbers inereamd. Westerns were almost exclusively

on the mdflats. Dmlin w e r e  p r i m a r i l y  on wet tmdl’q  Mough Iarg e fhx!ks
could oeeasion~y be seen f~ing on the mdflats, Shields and Peyton
(1979) Nsl?wt that late August to early $epteniber  was the peak the fOr

s h o r e b i r d  use of i n t e r t i d a l  mudfkts cm the Mk-lnglutdfi Delta. We
found peak mdflBt dens i t i es  in mid to late July M the nearby Koyuk delta.

(w] mndra %%. shor&ine. The degree  of shorebird use of and
dependmee  cm littoral h a b i t a t s  is of p a r t i c u l a r  interests  since these
habitats are most susceptible to such distu~~em as oil spills. Shoreline
wage patterm tend to vary with the season (see Figure 49). TIM dens i t i es
shown in Figures 48 and 49 for ~tira and littoral h~itats are not directly
comparable due to inherent differences between linear ad areal htiitats.

In May the bulk of $emipal’nated SL@@ers were to be found on
t u n d r a  hbitats$ but they also f e d  commonly in Iittord areas.  TIM popu-
lat ion size increased eonsidw~ly in June$ but littoral  densities deer eased
since most Semipahnated Sandpipers were feeding along pond edges and
other tima hbitats. July showed further  deweases  in littoral d e n s i t i e s ,
but t h i s  was mainly due to an exodus from Norton Sound in this month.
Juvenile *ip*at@ Smdpipers were still quite mrmmcm in m a n y  littoral
areas in early to mtiddyo By August there  were very few SemipMatd
sandpipers h?ft h NOFtm sound.

Wetmn  Smdpipers could be found f e e d i n g  in littoral habitats  in both
May and June9 but they were much more e-on an tmdra h a b i t a t s .  h
July there  was 8 nQtke*le influx of juvenile Westerns onto littoral
habitats~ r-lting in the higheist littoral d e n s i t i e s  for t h i s  specks. By
August the mu~wd migration of most adult and many juvenile ‘Wes te rns
had lowered daitia. JMvenile Westerns were still fairly eorrmm in littoral
habitatsp timgh by Septe@er  very few remained in Norton Sound.
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.
Table  20. $ummwy of shorebird migration in Norton  Soundea

-------  ------ ------------  -------  ------  ------- ------ ------ ------  ------  -------------  ------  ------ ----_- ------ ------  -----_ ------  ______  ------ ----

Spring Migration Fall Migra t ion
Range or Range or

species Ist Date Peak Date last Date Peak Date
---------------------  ------c ------p- -------------- ----a.- -------------
American Cblden Plover
Black-bell ied Plover

Whirrbrel
Bar-tailed Godwit

Long-billed Dowitcher
Ruddy TurJns tone

Black TurnStone

Rock Sandpiper

Pectoral Sandpiper

Red Knot

Dunl in

Baird!s Sandpiper

Sernipalmat ed Sandpiper

Western Sandpiper
Red Phalarope
Nor them Phalarope

5/12
5/21

5/14
5/11

5/14

5/14

5/12

6/1

5/11-6/3

5/29-6/8

5/7
--

5/11

5/11
5/30-6/21

5/11

n

N’?’
MT
NN

RN
5/15

w

NN

N?

NN

6/4

FIN
- -

NIV

NN

6/4
NN

9/13
9/13

8/28
9/9

7/30-9/27

8/8

7/15-8/31

8/3-9/27

7/2-9/14

7/27-8/12

8/25==9/21

7/4-9/27

6/28-8/5

7/10-8/31
- -

6/25-8/31

9/9
NN

8/17
8/25

9/7

7/3

Late July

NN

9/5

NN

9/12
--

7/10

‘?/25
- -

7/31
----- ----- ----- _____ -----  ----- _____ -----  ----- ----- -----  ----- -----  _____------- ------  ------  ------ ------  ------  ------------  ------ ------  ------ ---

1Dates include information from both 1980 and 1981, and cliff erences
between these years did not exceed seven days for any event. Peak dates
are based on observations of migrant fl~kse

2NN = Migration peak wss not noticeable,
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--------------------  ----------- . .-----  *--------------  -------------------------------  --------------------------------------------  ------------------------  -----------------------  ------------------------
S4mBi  *at@ Watern6? Northern Tot&
San piper Smdpiper mtiin Phdwo eJ? Poptiation
No. d’ % of No. of % of No, d % of No. of of No. of % of

Weti- Me= -2 hdiv. Total Inclhf. Total Indiv. TOM Indh?. Total Mivo ‘rOtd

Ekevig L&goon 6.6 211 02 92 1.1 125 0.5 86 0.2 !514 03
Pert Clarence 1304 750 0.9 2,425 29.6 898 3.8 509 1.0 4,582 2.8
Wmk Basin 41.0 4~141 5.2 369 4.5 41 0.2 4,182 8.1 89733 53
Wmnq Lagoon 63 456 0.6 218 2,7 326 1.4 116 0.2 1,116 0,7
Nom 0U5 27 0.03 00 0 0 4 0.01 31 0.02
Safety Lagoon 34.6 2,160 2.7 2,630 32.1 19003 4.2 2,041 3.9 7,834 4.8U

z Fish River Delta 383 4,659 5.8 655 8.0 1,386 !508 2,695 5&2 99395 5.7
Moses Point 49.9 79385 992 50 0.6 848 33 79435 %43 15,’?18 9.6
Koyuk 614 16g455 200$ 553 6.8 3,070 12.8 8 , 2 2 8  15.9 28,306 17d2
Sh*tml& 513 359 0.4 513 6~ o 0 1,026 2.0 1,898 1.2
Unalakleet 14.6 N& Nc Nc Nc Nc Nc ???C Nc Nc Nc
stebbhs 169.0 43,602 54e4 676 893 16,224 67.8 25,519 4 9 . 2  86#21 5 2 . 4

,mtds 487.6 80,205 8,181 23,921 51,841 164,148
Pere@nt Tbtd Popdation 48.8 5.0 14.6 31.6
Avertag e ~dty3 Y70/krn2 17/kn12 5 l/km2 llo/km2 349/km2------------------------  ------------------------  ------------------------  -------------------------  -- - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - -

2 at each area in mm by tom mea of each Wt?thmllllata were derived by multiplying man birds/km
(~n+#iOrdine  Wet tlmcka hakntats Ollbj)e

2Not censusecl.

2 the total area of wetlands excluding3Data were derived by dividing the total population by 470 km ,
?Jnahkleet.
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Figure 4B. Seasonal abundance of the common wetland
shorebirds on tundra (non-shoreline) habitats. Data are from
1980 land surveys except in May which includes 1981 data.
Tundra densities fall in July and August after the nesting
season, particularly for Semipalmated and Western Sandpipers.
Dunlin increase in September due to an influx of birds,
apparently from the north.
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SHORELINES

Figure 49. Seasonal abundance of the common wetland shorebirds
on shoreline habitats. Data are averaged from 1980 and 1981
land surveys. Shoreline habitats were most used in May by Semi-
palmated Sandpipers and phalaropes. western Sandpipers,

mostly

juveniles, moved to shorelines In July and were the most common
shorebird there in that month as well as in August when densit~es
dropped somewhat. Dunlin were most abundant on shorelines in
Septetier when they were virtually the only shorebirds present.
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Dunlin made little use of Mttcma,l hab i ta t s  th roughout  most of the
summer in Norton $oUndo By inid-August littoral densities began to
increase, and adult and juvenile Dunlin were common in both littoral and
tundra habitats in septemlbel’e ‘These w e r e  probably  birds from mtic
breeding grounds (Hohes 1966b)a

Northern Phdw~a also made little use of’ littoral  habitats. Though
they could oeeaaionally be seen feeding on tidsd mudflats along with other
shorebircls~  they gmertiy fed in or along the edges of tundra p o n d s  a n d
lakes,  TM& littoral densities were higkst in Mayg wlwn thq ware a r r i v i n g
o n  the b r e e d i n g  grounds; and it is pcmible that they feed o f f s h o r e  i n
Norton Sound during spring migration.

Figure 49 also suggests resouree partitioning of the littoral zone by
the three  sandpipers, As Semipalrmted Sandpiper densities on littoral areas
began to drop~ Western densities increased. SimilarlyY as Western densities
tapered of f$ Dunlin densities rose.
[b] Seuond Wummee

(i) !&hay. Migration in spring is short- l ived e ompared to the
protracted fall movements. In May most of the shorebirds that  nest on
Norton Sound wetlands arrive on the breeding grounds. Individuals of the
four common wetland breeders appeared within a few days of eaeh o ther ,
w i t h  N o r t h e r n  Phdwopes  the last to arrive (Table 2 0 ) . ‘The earliest
arriving birds congregated  around patches of open tundra during the first
week of May. But the end of the third week in May~ most of the snow had
melted and the birds had d i s p e r s e d  to breeding sites. By the end of the
rnonth~ most shorebirds had begun incubating.

Figures 48 rind 49$ showing seasonal use of shoreline and non-shoreline
habitats, combine May data from both 19$0 and 19$1, since only five of the
13 Stlldy Wex Were C?~L!Sed h May 1980. T’M43L9  of these five areas
proved to have fairly hsignific  ant populations of breeding shorebirds (see
Table 21]. ‘The insertion of’ the May 1981 data gathered  at three  of the
m o r e  prtictive w e t l a n d  sites gives a more accurate  picture  of  hlay
densities than the 19$0 data alone. Densities for all other months were
compiled from 1980 data  only.

(ii) ~ne. Shoreline densities for all species deereased from May to
JUBN39 while nom-shoreline (tundra) densities increased for all speeies except
Westerm Smdpipers (Figures a ‘and 49).

By mid-June small flwks of failed or nom-breeders were noted~ though
moat birds were on eggs and displaying males were evident. ‘i%e hatching
of’ young further incremd June d ensities~ despite their adeptness at hiding.
After hatching in mid to late June, Westerns, Wnipahated  Sandpipers, and
Dunlin f r e q u e n t l y  left their t e r r i to r ies  wi th  their young for communal
feeding areas,
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(m)  my. ‘me Umst dramatic C5hange in July was the precipitous drop
in sa~matm sadpipw dasitia, in both Shordine md tidra habitats,
By early J@? newly all young had hatehd, and many were fldgde me
females daw?r’t their br@s two to eight  ‘days a l t e r  hatching (AMmmie
&ld sddd l!?79)~ and by f l e d g i n g  ‘mast had pr&*ly begun their smwwwd
tigrationo ‘Rle males Fadn with the young ‘until ndging~ at Whieil the
both P=a& SuId jwenti= jfin f@kS  Of OthFX mdPiPa~. By the end Of
JdyJ most Smipmated Smdpipws had left Nwtm somd~ and only a few
juveniles rmdn~e

western Smdpiper d e n s i t i e s  imreud in July, pmtkdwly at safety
L a g o o n .  “I’M+ imreme was pr~mly due mainly to the prdetion of young
b y  birds n=ting  in c-t~ lWx@n Sound.  Mixed flocks of both j u v e n i l e s
a n d  adults were ecmnon in early Wy$ but by the end of the  month many
adult Westerns had departed.

Northern Phdwope densities r.mdned  fairly stable f%om June to Julye
By early July most fmde phdm~es had depwt~o Mixed f l o c k s  of males
and jwmties fare< in mid’d~y a n d  beg~ tO move out of the &e& by the
end of the month.

Dunlin d e n s i t i e s  deereased on tmmdra htiitats but rmtind stable o n
shorelines in JuIy~ indie s t i n g  a major movement out of the Sound by t h i s
speeiese Holmes @66b)  has reported that  given favorable weather a n d  a
goed food wurc e~ m~y IMmlin will remain in the a rc t ic  cm s u b - a r c t i c  to
molt. First primaries,  then body feathers  are molted; and this is g e n e r a l l y
Cmletw before the birds migrate south Our data  itiieate that m a n y
Ehm@ pwtietimly a~l~ left Naton Sound before they had time to finish
their molt. It is pmsible that many were females. Soikkdi 0967)  r e p o r t s
that in mutiwn Ftiad the females desert  their broods shortly a f t e r
hatching and head south around ten days after the young hatch.  The
depar%ure of .DunIin from Norton Sound before molting is an indication that
p r e y  d-ti~$ we tOO IOW tO ~PPOrt mOltinge

Smipahatti Smdpipms e x h i b i t  quite a different  molt patterme 7% q
Xeave the bre-ing grouds in mid~a and do not molt untti t h e y  reach
their Whtering grcmds  moha 1972),

Beth W=twn  S~dpipms  and NmthWn Phalaropes e x h i b i t  an inter-
mediate $%rategye Wmtwm begin molting in late JWN3S s u s p e n d  tie molt
during migration$ and emplete it when they rem% their wintering g r o u n d s
&ma 1972), We ~s-d sane Nw~ern Phdwope adults molting body
plumage cm the brmding grounds. some males were in newly e-lete
winter plmage before Wutiwti migration. Many birds~ howevert appeared
to leave? before  molthga md w of them wait until reaching the w i n t e r i n g
gr~ti$ before  they molt their flight  feathws (Ptier 1972). ~QEW birds
that do begti molt cm the breeding grounds p r o b a b l y  arrest  it before
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migrating.
Both molt and migration

most likely that the different
shorebirds are directly  related

are energy-demanding processes and it is
pa t te rns  shown by these f Our species of
to the energy demands of their particular

migration routes. f%?mipdmated Sandpipers winter in the southern hemi-
spheres and thus leave theh breeding groumds early and pos tpone  mol t ing
until arrival orI the wintering grounds, This early departure may allow them
t o  escape the mid and late summer fod shortages  that o f t e n  occur on the
tundra @Iohnes 1972). Westerns winter in the southern part of the northern
hemisphere and do not. have as far to go as Semiptiated Sandpipers. They
can afford the energy expenditure of beginning their molt in the north.
Dunlin winter even further north, so if weather and food conditions permit
they can complete their molt before migrating. Northern Phalaropes  ELISO
winter in the southern hemisphere, ‘Ihey probably find plentiful food
s u p p l i e s  on their journey  south over the oeean~ and thus are able to
initiate a body molt on their breeding grounds.

[iv] August. On tundra habitats the four principal speeies of shore
birds showed a decrease in numbers from .iMy to August. Tbmdra phalarope
densities dropped most shwply~ indicating a major movement out of Norton
Sound by this specks, This was herakle$ by mixed fhxks of up to 200
adults and juveniles forming on wetland ponds in mkl to late July. Very few
Semipahnated $amclpipers remained by August.

Dunlin densities in August were similar to those of July for both
shoreline and tundra habiats. This is probably  ciue to movements of local
birds out of Norton Sound? while Dunlin from arctic areas drift in ( H o l m e s
1966b).

Western $smclpiper densities decreased on shoreline and tundra habitats
from July to August. Even SOB they were the most abundant shorebird in
August. Since most of the adults left in late July~ this further deeresse  is
caused by the wave of’ migrant juveniles which leave by mid to late August
(HOhes 1972).

(w) Septmbere Three of the four common wetland breeding shore-
birds left Norton sound by early S e p t e m b e r .  Dunlin was the only one of
the four speeies to remain$ and was more abundant in September thsn in
previous months in both shoreline and tundra habitats. F’leeks of up to 100
Duflin were common. Both adult and juvenile Durdin from are tic b reed ing
grounds moved into coastal  wsstern Alaska in late August and September.
‘They feed there  on wetlands and tide flats  until late September or October,
when  they depart on a direct  and rapid flight  to their wintering grounds
(Holmes 1966b)e



(43] Gmgrqhse Distribution
[i) Bredimg se-on. m’ceding shorebird populations vary umsid-

C!r’nbly between the major wetlands of Norton sound. Dtifwmc= between
these areas will be presented for the four primipd nesting qeeiese June
d is t r ibu t ions ,  when shor~tids are nesting and at peak density, will be
dism.msed fi.rs~ with the post-breeding d*ibutiom in July and hgust
presented hst.

Table 21 lists  the total breeding population for each of t h e  p r i m a r y
spedes of b reed ing  shoreb i rds  in each major coastal  wetlmd; this shows
some general tremds in s h o r e b i r d  d i s t r i b u t i o n  around Norton Sound.
Semi@ mated Sandpipers were fairly ecmxnon at all of the larger wetlaixl
sites with the exeept.ion of ShAtwlke Tim same is also true  of Northern
Phalsropes. Dunlin showed sn east-west gradient,  being most abundani in
the eastern and southeastern Sound and decreasing to the west. Western
Sandpipers demonstrated a pattern in reverse of that for Dunlin9 having low
n u m b e r s  in the east and higher popula t ions  at two western sites. Low
numbers  of all speeies at. the extensive $h~twlk wetlands indicate that
this area is less biologically pmduetive than superficial.ty similar habitat
elsewhere. The ensusing discussion begins with wetlsnds having the highest
populations and ends with the least-used wetlands,

Stebbins had by far the Iarg est p o p u l a t i o n s  of Sernipalmt ed Sand-
Pip=S$ ~unh~ and Northern ~hFd&WO~eSe This is due both to its hrger size
and to its g r e a t e r  densities of breeding birds w h e n  eompered with other
wet land  sites.  This area contains a profusion cd ponds$ lakes and channels+
and an appumtiy very p r o d u c t i v e  wetlmd habitat. Because of i t s  low-
lying nature and exposed coastline it is wbj-t to periodie flooding. This
generally happens during fall storrnq but sometimes during the breeding
season. A major result  of fl-ing is to r e p l e n i s h  t h e  nutrients  cd’ t h i s
wetland ecosystem. Its proximity to the Y-K Delta prmbsbly slso contributes
to the remarkable sise of the $tebbins shor~kd p~dat ions. .Hersey (1917)
reported that Western Sandpipers were the mat common shorebird at
Stebbins and did not even mention Sm@~at~ Sandpipers . Either the
shorebird p~ulatiom of $tebbins have ehang ed signifiemtiy  since 1915
(when he lived there) or Hepsey m i s t o o k  Western for Smip~at ed
sandpipers.

The di~ibutiond fan of tie Kcgwk River is similar to t h e  Stebbins
area in rnsny respeds~ and it has the seeond largest population of breeding
shorebirds,  Our data  show that about 17% of the total breeding p~tiation
of the four major s p e c i e s  of shor~tids in Ncrtcm Sound nested here. ‘The
densities for Sem@~at- Sandpipers and Northern Phahropes  are compar-
able to those of $tebbi~y but the Koyuk area is only one-third M large.
The Koyuk delta has @ similw mcxmie o f  p o n d s  and lakes =rrwtid by wet

516



tundra vegetation. It is dso @E!f&3dk?@7 fboded  b y  StOHSl tidcs9 but thiS
probably  does not happen as f r e q u e n t l y  as at $tebbins~ b e c a u s e  the ice
forms  earlier at Koyuk and acts as a buffer to prevent f looding.  The
Koyuk area also differs  from $tebbim in that  it has much m o r e  e x t e n s i v e
mud flats.

The wetlands of Moses Point, Imwruk Basin, the Fish River Delta, and
Safety Lagoon all have proteeted  (lagoortal) shorelines with river input.
Although with not as many ponds as Stebbins and Koyuk, the ponds they d o
have coupled with their lagoons attract moderately high densities of shore-
birds.

Moses Point is a large wetland area enclosing the mouths of the Kwik,
lMbutuMk, and Kwiniuk Rivers. Its Northern Phalarope densities were
comparable to those of $tebbins and Koyuk, but densities for the other
species were considerably hmver. hnuruk Basin is much shrubbier than the
other wetland areas because of its protected inland location. It also had
moderately high densities and numbers of Semipalmated Sandpipers and
phahropes.

Although Safety Lagoon also has prime wetland habitat it is not as
monotypic as the other wetlands. It eontairs  a patchwork of moist tundra,
w e t  tundr~ and sp i t  habitatsj which probably contributes to its high
Western Sandpiper densities and numbers (32.1% of the total,  Thble 21).
The f~aining are= W had small populations of’ breeding shorebirds.

The Port Ciarenee wetlands are chwacterized  by saltwashed  tundr~
sprinkled with large ponds and lakes intermixed with moist tundra. Though
shorebird numbers were generally low there it had the highest density of
Western Sandpipers.

ShaktooMk w e t l a n d s  cover a sizeable are% but had little w itable
habitat for breeding shorebirds. Log istic al problems kept us from cemsusing
n o r t h  of the Shaktemlik River. This area (including Malikfik Bay, 5 km
north of SIwktodik) appears to have more suitable habitat than where we
surveyed$ so our shorebird densities and populations for this area are
probably low. From the airp however, we saw low productivity  for mcst
speeksp so it is not likely that this area is signifiemt  for shorebird
breeding.

Wociley Lagoon has good wetland habitat, and due to its expcsed
coast is subject to periodic flooding. It is very Mmited in sizer and had
only moderate breeding densities and low populations. The Brwvig Lagoon
area p o s s e s s e s  Mmited wetland habitat~ and is mostly dry and sparsely
vegetated with low shorebird densities.

Both Ncrne and IJnalakleet (which was not censused in June) had very
little suitable habitats and this is reflected in low densities and populations
at both sites.
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{ii) Pat-Bre4ing  — ally. TM and the succeeding dismssion  for
August are Mrmgd by speeies. By my 6TlEI!Iy ~OTtC9n SOUnd EtlOrebir’dS had
begun their southward migrations. Wetlmd sites supported Iarg e post-
breeding concentrations of shorebirds that  were often quite different from
breeding eone~tiatiom.

Smip-atd Smdpipers were first to leave (See s u b - s e c t i o n  ( b ) ,
‘seasonal Ik@)’$ In July their numbers deereamd dran’latie ally from June
(Tables 21 and 22). Stebbti remained the rncst @ortmt area for t h e s e
b i r d s  in Norton Souti, ~wgh the d e n s i t y  there was less than that  of
Koyulq its larger size supported a larger p~tiation of Semiptifft@  Sand-
pipers (!Ihble 22). Nearly all of these birds at both loe atims  w e r e  jwe-
nilest probably  the young of Io+eal b r e e d i n g  pairs. By early Jidy wt adult
birds had left. Safety Sound and the Fish River Delta all contained signi-
ficant p o p u l a t i o n s  of $emipahmted $andpipers~ though they were much
reduced from .&me levels. Brevig Lagoon had a fairly high density but
small total population.

Waterm sandpipers. Safety Sound was the most important area for
Western Sandpipers in July. There were over four tines as many as in June$
and these were mostly juveniles (94%].  ‘Ihese pratily cme fr~n ne~by
and inland nesting areas$ and possibly from farther  north.

Koyuk also had significant numbers of Wmterm in July~ exceeding the
June popdatiom  more than eight  times. Most were juveniles, often found
feeding on the tidal flats. Pwt Clarence and the Fish River Delta also had
fairly sizeakde populations of Western Sandpipers in July.

mdin. Stebbins also had the greatest number of Dunlin in Norton
sound in Julye This pqtiation was much smaller than the breeding popu-
lation? itiicating t h a t  mast birds had already left by rnid+uly when Stebbins
was Censusede T h e  1980 wmsus (16 to 22 My] kdicatti that  adults w e r e
slightly more mumercws thm juveniles. The young, however~ are more easily
overlooked pmt$cdwly  before f ledg ing .  In 1981 (22 to 29 July) j u v e n i l e s
were twice as numerous as adults.

IKoyuk and the Fish River Delta also had sizeable 13umlin populations,
thwgh these were far below breding levels. M o s t  birds appear to h a v e
left soon after f l edg ing ,  and it is possible that  some adults, p r o b a b l y
females? leave before the young have f ledged.

Nortierm Phdm@p@. Stebbins was the overwhelming population
center  for Nwthwn Yhahropes in Julyp with over twice as many as in June.
These birds w e r e  nearly all j u v e n i l e s  and adult males, beeause the adult
females leave early. It is likely that these  were  all bed birds. The popu-
lation size and eornpdtion hdkate  that in 1980 N e w t . h a n  PhaMopes  at
$tebbhs had a brAing success of 2.6 fledged young pa pair of feeding
&lults. Data for 1981 swe not swtiablee By michluly Northern Plwlaropes
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0.5
4.3

—
1.3
0.06

22,4
7.6
7.6
7
0.2
0.7

48.3

nt%l 8 6,873 132 15,327 5,258 6,596 4,375 6,970 57,015 5,065 11~7645,066 124,454
%Ofmtd *latim 5.5 0.1 12.3 4.2 5.3 3.5 5.6 45.8 4.o 9.5 4.0
%Of ‘Ibtd

=
l;~m 5.6 16.5 14.4 14.9 13.5

July tkAMg. ——— — ——

lData were derived by multiplying mean birds/km2 at each area in JtLIy and August by total area Of each
wetland (non-shoreline wet tundra habitats only).
2Not Census@d.



w e r e  fimking  in groups of 100 or more birds. By late July the phalarope
p~datiom d’ Safety Lqgw~ t h e  Fish River Delta$ Moses Poin& and Koyuk
w e r e  smaller tlian the b r e e d i n g  popdatiom  at those sites. PhalarOpes
remained in St~b!m Iatar  in the year than they did in the more n o r t h e r l y
Wetlmdse

[iii) Pmt”BFe@ing  - h@st.
Smipawatd Smdpipwse August shorebird populations were

emsid erakdy lower than those of June. Very few Smipmstd Sandpipers
raraained in any areae Those that did were all juveniles and were probably
traveling Wrwgh BWton Wmd on their way south from are tie b r e e d i n g
grounds.

Wmten Smdpipm numbers were also reduced, though not so
drastieal.ly. Thy were most numerous at Safety Sound, and the majority
were juveniles. Port CUwenee also had a sizeable populatio~  s h o w i n g  a
marked increase over July. These birds probably eme frcm wwtie b reed ing
areas.  Koyuk would likely have shown a much Iarg er p o p u l a t i o n  if it had
btin mnsused in early rather  than late .August@

~~in n u m b e r s  at Stebbins deereased by 8 6 %  from July to hgwst.
Most other areas showed a decrease from July, whereas Koyuk maintained a
fairly high populatio~  and Safety Sound!s Ilunlin p o p u l a t i o n  i n c r e a s e d .
T h e s e  included juveniles  and adults$ and most were probably from arc tie
breeding grounds @Iolrnas 1966b].

Nortiern Phdwope populations also dropped in August+ part icularly
at $tebbhsp where they were only 2% of July% p~dation. Moses pOiIlt and
the Fish River Dal@ were the two other major areas for this speeies in
Allgust*

(iv) Pmt-Bredfng — Septmber. In $eptember~ Durdin were the
only one of the four common speeies present in any number. The other
t h r e e  were either t o t a l l y  absent cm present in only very small numbers;
Dunlin p~@atiom  ae~~y increased  in S e p t e m b e r  d u e  to an influx of
birds~ pr~tily f r o m  arctic  breeding grounds.  ~tiwgh only a few a r e a s
w e r e  emus~ in Septmbap they all showed significant  inerwases$  parti-
cularly at M@S Poin% w i t h  i t s  50-f&l irwreasee Other areas had three-
t o  seven4’cdd inmeases of b o t h  jw~tie and adult Dunlin. It is likely t h a t
both $t~bim and Koyuk (whkh were not eensused in September) experi-
enced a similar itilu of Dmlinp and that our total  S e p t e m b e r  p o p u l a t i o n
estimate for this Speeies is too low.

Our wetlmd aerial s u r v e y s  in $eptmber indicate that Koyuk had
shorakd nmbws similar to those of Moses Poinq while d e n s i t i e s  at
f$tebbins were only half’ those of Koyuk. The aerial data also in-die ~te that
the Fish River Delta had shorebird dens i t i es  comparable to Moses Point very
early in $eptmber [~le 23)0
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Table  2$0 Small shorebirds on wetland air aw=veys in  September

l$lso.~

===== ===== ===== ===== ===== ===== ===== ===== ======  =:=== =:===  ===== ===== ====

September
& ea 2 3 6 10 17 23 29
--------------------- ------- -e----- ---.--- --------------------- -------
Port Clarence 202 262
Inmruk Basin 60
Wool 1 ey Lagoon 1,213
Safety Lagoon 152 10$ 14 5
Fish Itiver Ml ta 386 1,392 40 10 7
Moses Point 795 382 399 103 52
Koyuk 693 354 50 4
Shaktool  ik 248 153 176
Urdakleet o
Stebbins 80 112------- -_ —___ ______ ------ ------ ________ ------ ____________ ------ ------ -------- ----- ----- ----- ------ ------ ----- ----- ----- ________ _____ ------ -_
.
‘These data are actual counts fran wetland aerial surveys.
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‘Ib wmnarize+,  for  the post-breeding distribution of the four common
Wetland  s h o r e b i r d s  in Nfxton Somd$  st*bim is the most @wtmt  area in
Jdy9 mmtiy  due to a wry hrg e population of Nwthan PhdwQs. It also
had .s@dfie ant numbers of’ mnlin snd Smipmatm Smdpipers. Safety
Lagmn * hd a large $hor*hd pqdation in July9 pwtkdmly of
western Smdpipwso ‘The Fish River Deltap Koyuks ad Mcses Point were
* important Wetlmd areas for migrating Bhorakds in Jl&ly.

In Augus~ Safety Lagoon had t-he hwg est shorebird populatio~
consist ing mhly of W=tan Sandpipers and Durdin. fltebbins~  Koyuks and
t h e  Fish River Delta were also @wtmt staging  areas for s h o r e b i r d s  in
August.

By SeptmbW few s h o r e b i r d s  except Dunlin were left. They concen-
trated on wetlands and tide flats at Moses Poin& Safety Lag e o n ,  and t h e
Fish River Delta. Koyuk and Stebbins probsbly had signifie ant concxm-
trations  of Dunlin in Sept*erp but were not censuseda
[d) N-ting PhenQBogia

Many shorebirds deal effectively with the shortness of arctic sumers
by having a shortened breeding cycle. ‘They often depart  within six to
eight weeks after  their arriv~ having ameessfully r a i s e d  their young to
independence.

AU four of the common wetland b r e e d e r s  arrived on the b r e e d i n g
grounds as soon as the snow began to disq~ear from the tundra. ‘The date
of their arriwd varies fl=ctm  year to year de~ading cm the Weathere Both

1980 and 1981 had rdativdy  early s~rings9 and the first birds arrived

around 7 May (Tkble 20). They finned mall flocks at f’irs~ gathering to
feed  in snow-f lee  areas and on melt pond edges. As the snow and iee
‘melted fmrn tie tundra the birds dispersed. Aggressive behavior increased
as males (find@ h the exe of tie phdwop=) establkhed and defended
territories. Cmrtship displays were much in ev idence  and pair f o r m a t i o n
oeeurred a few d a y s  after tie tarit.ories were =t~lishd. Nesting began
within two weeks (and often sooner) of the birds! arrival on the breed ing
grounds.

(i) Semipaata Smdpipers. In 1980 the peak laying date for
$a~~at~ Smdpipers was 5 June (Ngure 50). Laying began earlier in
19$1$ with a peak on 27 May. The &vWage eluteh size was 3.6 eggs p e r
nest  (3$ nests). Smipmatti S a n d p i p e r s  (and the other three speeies
d i s c u s s e d  here) will. meth~ w-nest if a clutch is lost or damaged early
in the inmbation  period (&h&muie and Safriel 1979). Hatching is
gma~y ~nehrO~U~  and in 1980 it PeAd wwnd  24 June. ih l~f!l the
peak date was wer a week W@iert cm 16 June. The i~wtiation period i s
20 days (&khaMie and Safriel 1979). The young leave the nest within a
few hurs of hatching, and like the other three  s p e c i e s  t h e y  are p r e c o -
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Figure 50. Nesting phenologiee  of the common wetland shorebirds. Data are for l!180 and
1981. Sample sizes are given in the figure and these are sometimes different from those
given in the text for clutch sizes: this is because these data inclu~e observations of
chicks and fledglings as well as eggs. Overall,
than

shorebirds began nesting earl~er in 19B1
in 1980. Semipalmated  Sandpiper were the first to complete nesting and phalaropes

were the last.
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bLocou uq peu jeq o
GOn2° JpG2 GGq WQD2GJA6 relying on their  paw?.nts mly  for h=oding9

good fe~ing areas. me fmde gmertiy
d e s e r t s  her bmd two to dght days after  they h&%t.d-19 but the male remains

mm t h e y  fledge [mkma%ie  and Sdrid 1979)0  Fh2dg iqg CMxnms ShYut 16
days after h a t c h i n g  (mmaie and Safrid 1979]. me peak h 1980
Oeeurred on 10 July9 while in 1981 M W* 2 July. me amlm  migrate south
soon after the yang fldge9 and the jwmnw fwow Shortiy &lereaft@r.
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arrive on the breeding grounds that Sernipahnated  and Weste rn  Sandpipers
may not have (Semer 19’7 9]. Northern Phalaropes may also amive cpite
depleted and may need to feed a while befok=e they we able to pm.lute
eggs. They nested9 on averag&+ a week later than ?semipalmated  sandpipers
sind two weeks later than Ilunlhl, In 1980 the peak laying date was 11
June (10 nests) while in 1981 it was 3 June (15 nests). ‘The incubation
period is about 20 clays (,Harrison 1978],  and hatching peaked cm 30 J u n e
1980 ‘and 2 2  June 1981. ~dging o+owms 18 to 22 days later ( H a r r i s o n
1978)9 and pinked 20 JUly 1980 and 12 July 1981. After fledging the male
adults iaml the young fomed flocks of up to 200 o n  tundra ponds. B y
early August &ii .maj&ity of birds had

3. Une-on Wetiti Bred=s
Besides the four Ccmmlcm wetland

several other shorebird species which

left Norton Sound wetlands.

breeders in Norton SOUMIS  there are
also nest on these wet lands  in reh-

tivdy small  nmberw. These irwlude Ckmwnon snipe, Lcmg+illed Dowitcher%
and Black mrmtmes (role 19). A few nesting pairs of Least Sandpipers
were also Seeng but they are iwludd w an occasional breeder in Norton
sound (see IXilow)e

(~] @mom snipe. Snipe w e r e  the mast cxxnmon breeder of t h e
three  speeies M.ste$. Although their nesting densities were Iowt they
oem.mred at mcst of the 13 wetland sites.  They were most common at Nomer
where they nested along the marshy banks of t a i l i n g  ponds. Overall

2  During t h ebreeding densities for Norton Sound wetlands were 0.8 per km .
breeding seasq snipe were often seen displaying above the moist tundra
areas of the wetlands. .Aft.er the young had fledged (mid-July) and during
migratio~  t h e y  beeame more common on w e t  tundra. Migration was not
very notic cable. Snipe rarely oeeurred in groups of m o r e  than four. In
the first half of September densities were still similar to breeding densities
(0.9 per km%

(b) hmg+ww Dowtieherse Overall  breeding densities for Long-
billed llowitehers were eompwable to those of snipe, though their distri-
bution tended to be much patchier. ‘l%ey were commonest in the western
parts of the $oWld. I!vlany eastern weas had no breeding dowitchers.
Breedin birds were found at Imuruk Basin (4 per km2], Port C l a r e n c e  ( 1 0

fper km )S Safety Lagoon (3 per km2), iwld Wales  (2 per Iunz)e Hersey (1917)
r~mt- them as ~u~~t breeders at f3tebbinsP second only to W e s t e r n
S a n d p i p e r se This is no longer tie.

~g~~d Dowitehms We typically antic b r e e d e r s ,  and are mainly
migrants in Norton S@und. Spring mig6=ation was less intense than that of
fau,  but still quite notiemble.
1980 at safety Lqgcm.  on 15

‘f%e first migrants were seen on 14 May
May we saw a flock of 159 at Unalskleet.
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Many dowitchws my @21SS through the St*bim area in i?Prin~9 shee Iarge
fhxks are mmmon during fall migration. We me not able to w3vify this,
since we did not c emus Stbbim in early  qring  e

!m@c W’d the mm River Delta d.so had appr’eehbk nwni%?rs  of
dcwvitc?hers  ChMng wring tigratione ‘These migrmti  were often found on
wet tundrq but were most common in littoral hbitatse

Fall migration Of adults began in late July. 13hXks of 80 to 100
@uRs w e r e  e-on near Stebbins both years at t h i s  time. A. later
dgration of jwmfla was of greatw magdtide. They beg m appearing  in
mid-~gust and peaked bout 7 Wpt@w@ @nnors (1978) reports a hrg e
mouement  of juvenile d-tehm tirwgh Wda in late hgust. In 1$7’7 at
the Hk-Inglutdti delta the dwitiha tigrat~on  peaked cm 11 September
(Shidds md Peytm 1979)0

l% saw juvenile dotitehem on nwst of the major wetland mess, though
$tebbins$ Koyukg MIoses E%inQ Stiety Sounds and the I?ish River Delta had
the great-t numbers. Immk Basin had Scmle lug ‘e flmks (100 birds) of
dowitehm  cm 5 Mptetier. @erall pqdation ddties for August (19$0)
were 12 dowitehers per !@n20 September densities were higher, at 16 birds
per knlae

Ilcnwitckrs for~ed mitiy on wet tutia except at .K@mk (this study)
where they fed on the mdfhts of the expaaed wet tutira shoref and at
Wales (Ccmors 1978] where they fe$ mainly in protected shores with wet
tunthw They also emotiy fed cm the ems-l nm.d flats at $tebbins in late
Aillgust.

(e] Black mrmtone. 131aek ~r~t~eS nest in eoastd areas frOm
S o u t h e a s t  Alaska to Wales. They were c-on bredem at Stebbins and
fsirly  c!ommon at Immk Basin. Ekewhere in Norton Sound they were rare
to uw-on breeders. At Stebbins breeding densities were 24 birds per
kmz, and at Imwruk Basirn Smm birds Per km2. We smpeet  that t h e s e
densities were too highs since Black ‘llmstones  will fly far frarn their terri-
t o r i e s  to distract intidms. ‘There are pr~~ly at least 1~000 Black  ‘lkm-
s t o n e s  nesting St $tebbim~ and more than 100 birds at Imruk. By mid tO
late July over 80% of the Black Turnstones (both juveniles and mhlts)  had
left Stebbime

Bhw2k ~r~tones ll~tiy fed &iiOng POnd dg = On W e t  tundras but
occasionally in littoral are=. ‘We of shorelines increased during fall
tigration~  and by August nearly all turmtm= were  feed ing  in the littoral
zone.
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4. upland Breders
Three dmebird species are r e g u l a r  nesters  in raised moist t u n d r a

habitats  of Norton sound: WhimbrelR Bar-tadled Godwits, and G o l d e n
PIOVWS. tir’ data on these SPe@2S ecfnes fK’om moist tundra new w e t l a n d s ,
and t h e y  are pr~~ly more eommcm near this edge habitat  than on m o i s t
tundra far from wetlands.

(a) Whtird. WhMr&s were a fairly emon feature o f ’  t h e
uplands9 where t h e y  nwtd mong the tusmcks. At Imruk  13asins w h e r e
they w e r e  pmtiedwly nm~ms in late June? they were most eormnon
feeding on lagoon beach hhitats= Some of these were undoubtedly
breedersp but others were in small f l o c k s  of up to 35 birds a n d  w e r e
probably failed breederse Moses Point also had a sulxstanthd  number of
WhimbreJs in Junes and most of these owurred  on wet  tundra .

In July, Whimbr@ densities were similar on both wet and moist tundra
sites~ with the highest  densit ies at Norne and $haktoolik. Fewer birds were
seen ‘thin in June (Figure 52)0

August showed the bighst d e n s i t i e s  of any month, ‘his was due to
the Wewmee of fl~gd young and an influx of birds frwn other a r e a s .
Moses Point had the highest demitiest  with relatively high densities cm the
Fish River Delta@ Moist and wet tundra densities were similar. Whimbrels
on m o i s t  tundra in August w e r e  often feeding cm berries. By September
very few Wtibr& rmtind in Norton Soundj but had begun their south-
ward migration to wintering grounds fran southern California to licu~dor.

{b) Bm-wd Wwits. Godwits were more common in wetlands
than either Whtir& cm Golden Plovers. They were most common at Koyuk
wetlands h June. ‘They were not as wmmon in Norton SOmd as a whole
due to the greater &utiaee of the other two upland specks on the vast
stretches of uphnd hmdrae

Although they cmeasionally nest in raised a reas  of wet tundra meadows
‘&M-tailed Go&tits prefer  upland tundra s l o p e s . They prchbly Sdeei
suitable  nesting habitat  near wet tundra areast since they can of ten  be
found feeding there @ring the breed ing  season . We saw parents with
nearly fledged young cm the wetlands in rnid-JtdyJ and it appears that they
leave the uplmds for wet tundra feeding areas soon after  hatching,  Our
data support this since few godwits were seen on moist tundra h a b i t a t s  i n
July; most were cm wet tutia or shoreline habitats.  Densit ies in July w e r e
higher than in Junes except at Koyuk. Ther~ the June concentrations  were
mostly non~r@m that were gone by July.

By kgust godwits were flocking and overall wetland densities had
doubled since Jldy. The highest  concentrations  were at Moses Poin~ but
Koyuk and $tebb$ns ~so had relatively high densities. Wet tundra was the
most important  habitat  in Augus& though at Safety Lagoon MCI Moses  Poin t
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Figure 510 13ristle-thighed Curlew. From Nelson (1887).
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Figure 52. Seasonal abundance of u~lard shorf5-

birds. D a t a  are ‘ffrOTII 1980 lard surveys p r i m a r i l y
in habitats in the vicinity of w e t l a n d s .  Bar-tailed
Godwits reached peak a b u n d a n c e  in Yune~ Whimbrels
in Augustt a n d  golden plovers in September.
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exposed 13@t habitats  were also imyx+tant.. I=Iersey  (1917) rwqxwt.ed large

f’kwks d godwits at St.ebbins  in August9 feeding on muddy eand banks, We
noted mixed flcwks of j u v e n i l e s  and adults feeding in tie same areas.  At
t h e  W&-Inglut&k Deltas Shields and Peytcm (1979) reecmdeci a s p o r a d i c
migration from 15 August to 12 S e p t e m b e r  19’76. By September in our
study yeus~ only a few B a r - t a i l e d  &xhvits Tsnaineda ‘The rest had begun
their migration to the South Pacific,

(e] meriem mlden Plower. @]den Plovers are &lhO an upland
breederr yet they are quite d i f f e r e n t  frxxn the Whhnbrel and Bar-tailed
Gochwft in that they prefer tie dry tutira sl~es$ .RIV3as often covered by
gravel and lichens (Sauer 1962).

Plovers arrived in early to mkl-hfay. Few areas were censused in May,
and of t h e s e  Wocdley Lagoon had tie highest densities.  We found them o n
both moist and wet tundrap though more commonly cm moist tundra in small
feeding i’leeks in early .hlay. It is likely that they were feeding on the
previous year’s crop of l@gonberries  (~~eh ~) and erowberries
(~ -* They frequented the wet tundra in h!ay once the snow
iarid ie~ had melted.

By June plovers had begun nesting and displays were frequently heard
in some areas. Their densities were h~ghcst in upland tundra areas, but
were ordy slightly lower on wet tumdra where they could be found feeding,
Norm had the greatest density of Gcddem Plovers, and d e n s i t i e s  at WooUey
Lag ocm were also relatively high. We also noted high densit ies of Golden
Plovers along inland roads heading north from hlome towards the mountains.

In late June the young plovers begin to hatch md the overall density
increase in July refleets this. &though %here are still many plovers on the
upland sites in July they begin deserting the nesting areas for areas with

higher prey densities (Ehauer 1962). We found plowers using both wet tundra
and lagoon shorelines in July. “l%e male plovers (and pssibly the females)
begin molting during incubation md by mid+hdy are in ‘eclipsew plumages
looking  meh like the drabber females (Sauer 1962).

In August the overall d e n s i t y  for the Sound is the same as in  July,
but habitat  use has changed. Many birds have moved down frcm the uplands
onto wet tundr~ and shoreline habitats. This inehicles both fkdg WI juveniles
and adults. Moses Point had the highest  density and largest population of
plovers in Aufguste It @ppeared to be the rncst i m p o r t a n t  staging  mea for
PbV-S  .nestin~ in the h?orton  Sound regiOn. hlost of the adults, a n d
probably my of’ the juventies~ leave Norton Scmnd in August.

h-l late August and early Septmber  the arm experiences an influx o f
p l o v e r s  from arctic  breedimg gmumds and t h e s e  were mostly, if not all,
juveniles. They were common in f locks  of th ree  to 30 birds cm the canal
mud flats and wet tundra at Stebbins in late A u g u s t . Wocdley kgoon had
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highest  september ‘dmsm?s (120 per lad).

Wemiond Breaers
Sewwd Speeks  of d-mrebirds nested in N@tm sound ewtd areas in

sins.?d nmtwrse ‘1’Wx3e imludd Solitary Smdp@WS$ Lesser ~dowlegs~ Serni-
@ahIl&ted Pkm?rs9 Ruddy mrmtones~ and Black* aid Plovers, Bristle”
thighed C2u’4ews and s p o t t e d  smdpipws  me pramly brmdeme me Serni-
pdrnated Plovers and L@sser Yamlegs were mast Coa?nlm sand Nom!.
Yellowleg% in Pwtictiwt seemed to prefer  the tall shrubs growing near old
tailing piles wMeh am e-on in the vicinity of I@ne.

Brbtiemighd Qu’lws  were Uncmm to X’are everywlm”e in Norton
Sounds but most [ s e v e r e )  were seen at Immk Basin. These prefer  d r y
eXpOSed .ridg=  @3 n=ting Sit= (@bFidSOXl Wld ~in~clhl  ~~~~ )9 ad PrObab]y
nest  in interior  Seward Pmimtiae

$olitary and S p o t t e d  $mdpipers were urmsnmon within a few miles of
the coas~  but probably  nest on many of the river d r a i n a g e s  in the region,
Black-bellied Plovers were uncommon nesters in the up.hnds.

6. Migrmts
Apart from their importance as breeding ~ites for many shorebirds, the

Norton $ound wetlands are also importtwtt u feed ing  and staging  areas for
migrating shorebirds. Table 20 lists the shoreb i rd  spec ies  we saw during
migra t ion  in Norton Sound wethnds. Some speeies pass through in very
small nmber~ whereas others exhibit very notk cable migratory movements~
with larger fluctuation in population @curring over a short period of time.
The migratory movements of most speeies that breed in Norton Sound have
b e e n  d i s m i s s e d .  l%is seetion?s emphasis is cm migrmts  that do not b reed  in
significant  numbers in Natm sound. CM t h e s e  speeies, those that oecwr in
the greatest numbers are the Peetcx@ $mdpipw~ the Sharp-tailed  Sand-
piper and the Red Phdm~e.

(al Petorti Smdpipwe Except for the four wetland breeders
discussed prdou~y~ Pmtord Sandpipers were the most eomrnon migrant.
shorebird in Norton sound. Mtimgh never bundmtg they were quite
common cm wet tutira in many weti~ds during both spring and fall
migrations. They mainly breed slong the arctic  c o a s t  of e a s t e r n  Siberia$
the western and northern masts of Alaska frm Bristol Bay tO the tiadi~
borders and along meh of the Canadian a r c t i c  emst. We found them
nesting at Waks and h smti n~b@PS at Brevig L~oon. They pmtmbly
nest oeeasionay in other areas of Norton sound. Hersey (191’7) reported
them as a rare breeder at Ste Mk%aels.
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we first

was  from 26
spotted Pectoral
to 2 9  May? and

Sandpipers on 12 May 19$10 Peak migration
at the H&l River D&lb these were rnoatly

females. During  both spring and fall m i g r a t i o n s ,  most  (90%) of the
Fwtorals were cm wet tundr~ but &x3Mt 10% were in shoreline  habitats.
~ese habitat use patterns may vary from year to year, ~nms (197$)
reports that  h 19’77 Peetcmd Sandpipers at Barrow made extensive use of
littoral habitats  tiring the July migration. In 1975$ howwer~ littoral
Ilabitats. were seldcxn used by Peetcmals at Barrowe At Wales~ in 1977 he
reported  high Pwtord d~itia in littoral areas~ pwticdwly in Julye

P=tO1’ld S~d~@~ ll~~y peach the North ~]o~e the fhst week O f
June. Males begin heading south at the end of June after the females are
o n  eggsf and mat are gone from the breeding g r o u n d s  by 15 July (Htelka
1959), ~ey first We&U’&d in Norton Sound on 2  qdy 1980. ~ese edy
a r r i v a l s  are probably  males? since rncst females do not begin to leave the
breeding grounds until the end of Jdy (Htelka 1959). h Norton WUnd
peak numbers in fall csmm=ad from 25 Aagust to 9 &@2mber in both years.
‘I’haSt? were probably jwati~, since mast females have left the breeding
grounds by 10 J%Llgust.e me young begin leaving by %he end of Agus~ and
their migration continued until 1.4 *ptember (’l?able 20). The fall migration
is larger than in tie springs due to the summer~s production of young.

[b) Shup-twd Samdpipwse EMu3rp-=tal.leci  Ekandpipers  are very rare
spring migrants in western 1%.laska (~essel and ~ibscm 1978). ~ey also list
it as a rare to unemnon fall migrant, but we found it to be fairly common
in the fall in many I%x%3n Sound ecwst.al areas. ‘They nest in northern
SiberiaJ and the birds that move down the Naskm coast in the fall are
juveniles. ‘The adults migrate down the Siberian amt.

me first $harp=-tai.ls appeud on 2 I@gust 19110. N birds obsarved
were juveniles. They continued to move through singly or in small flocks
until at least la fkepternbero fill birds were on wet tundra and we found
the greatest eoncmtiatiom  of $hm=p-tails at Stebbinse Gnnol’s (1978)
reported a fairly heavy movement of juveniles through VJales$ peaking in
late kwgust md early September. Here they foraged on both tundra and
littoral areas.

[e) R* Phdw@pw, ~ed ~halaropes occurred in greatest numbers in
coastal l+Jm%on ScnM3d as a spring migrant. It is &o a common breeder at
Wales$ md an uric-on one kat Brdg Lagoon. It has been reported as
nesting at St. Michad (G@~dmn  and Linmln 1959) and Cade (1950) lists
it is as a eomnon breeder on St. Lameme  Island. T h i s  speeies~ however,  i s
primarily m aretie  breeder.

The spring migration of Red Phalaropes  w a s  mainly along t h e  c o a s t
from Safety Lagoon to Walese A few were seen at Stebbins and Shktoolik.
We saw the first Red Phdw~es on 30 May at Point Claremee. The p e a k
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of tigration was on 4 June where  several tiawd birds were seen at Safety
Lagoone Most were f e e d i n g  or resting  titiin 100 meters of the shoreline
of the $ounds and some were in the l~ane These birds winter at sea and
it is likely that many Red Phdaropes  pmsd by ‘farther offshore. ‘ I ’ ’ h i s  is
tiatiy the ease in the fall, w h e n  we saw no Red Phdm~w along the
t?otwt. mry (1976) saw a few in m@*ptmber faing in the surf off
Bluff,

(d) Othm’ Speime $everd  other spm?ies of Shoratids migrate

through ~wta *UMI e-t~ areas in mtiw nmb~s. ‘Ihese inehxle

~dm~m mti~ ItucklY Tbmstones$  lhird% $ndpipers~ F&xl  Knot$$  R e e k
$mdp~m~ $mdwling~ Wad~i~ ‘IM.lersp ~fwsmwk~ $mdpipas, Surf-
birds9 md Btif+rwtd Stipipws. Sane of these  speeies nested in small
numbers in the Norton Sound Region (See ~adti 26). The last four
speeies listed w e r e  rare migrants in Norton Sound$ while the rest were
uncommon migrmts. Most of these speeies used Iittord habitats  during
their migration @wgh the region. Hu*otim @dwit.s also made use of
wet tundra habitats. Many of t h e s e  speeies were mcist common along the
coast  from Wales to Ehme.

532

. .



L Jaegers

Seasonal. libmdame~ Habitat Wse9 and Geqgraphie  Dfstiibution
~fi?t? S@(3d3S Of jtN2gWS We found in ~ol’ton fhwlds thotlgh Otiy

Peras~tk (54% of land observations] and Long--tailed Jaeg ers (44%) nest
there. Pcrnarine Jaeg ers (2%) were fairly common spring migrants and were
occasionally seen in the f’all~ but they nest farther north, AU three are
predators and pirates  feeding on a variety of item% irmluding birds and
bird egg% small msmnal~ and insects, as weii es stealing prey from other
birds. W e  also saw them se avenging fish scraps near villages and fish
processing plants. Par=itie Jaeger pairs work together in hunting small
birds. Their diet consists of more birds than that of other jwger~ possibly
beeause this cooperative hunting makes them more successful at capturing
them (Msher 1974).

Pomarine Jaeger spring migration peaked the Isst few days of May in
b o t h  1980 and 1981. Parasitic end Long-tailed Jaeg ers arrived 7 May and
9 May$ m-spectively~ in 1981, and they were fairly mnmon by 15 May,

Par=itic and Long-tailed Jaeger densities peaked in June (0.6 per
square kilometer; data are from 1980 land surveys), They were mcst abun-
dsnt at Stebbins (0.13 bkds per km2), $haktoolik (0.07 biixls p~ km2), a n d
M o s e s  Point (0.06 bhxls pw km2). Densities were highest on moist tundra
since both species usually nested there, They * hunted on moist tundr~
and cwmmonly patrolied wet tundr~ snd shorelines, A few fledged young
were seen in mickluiy (both years) and by the end of the month most young
had fledged. ln mid-August jaegers  were still fairly mmmon in many tu’eas~
but by the end of the month few remsined.
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1. ~~M~OUS GMMS
The kg ep pale Glawous Gull is the most c-on gull of n o r t h e a s t e r n

and aretie  Alaska. In Norton Sound it was by far the most numerous of
any lgu13 speeies+ and in fall emposed  a major part  of the avifaurla. In
Ahlska it nests frc+m ~~atiOn Bay to BriSt.0~ Bay, and dtimgh @rhl~tiy
cmasw some pairs n e s t  on ponds far inland (Gabriaon and Lincoln 1959).
NeatiRg sites in Norton SOUM imlude: (1) dngle Pdrs on tundra ponds, (2)
colonies of up to 100 pairs on islands or pdmlw in kg e wet land  ponds~
(3) single pairs or ccdoties of Up to 50 pairs m c?liff’s tijaemt  to seabird
colonies! and (4) in grmps of a few tm a dozen pairs on smaller cliffs
(Drury 1980)0

h&?Wly of the EKkdt ~~ma~d ~hiW6XU3 ~d.k h ~CXtOTl  Sound ~@e~ tO
be non-breeders .  @acous Gulls do not uwtiy rake chicks to f ledging
until the adults a r e  at least six years old~ pr~~ly beeause of the impor-
tance of kmrned behatior  in meeasfu~y =pldting f o o d  resoure ES. Thus a
s m a l l  p e r c e n t a g e  of adults rak the majmi~  of the young in any giyen
year (lXwry 1980),

[al H*itat use. S h o r e l i n e  aerial weys showti rivar mouths ad
exposed  cliffs  Mad the greatest eoneatiatiom of CWueotis  Gulls (Figure
53). River mouths were hp~tmt feading areas and had harg e concen-
trations  in late fall.  They were also one of the first areas where o p e n i n g s
formed in early qri~ and attracted ~wks of gulls then. River deltas
w e r e  @wtmt nes t ing  areas~ tmd were also used as f e e d i n g  areas.  The
remaining shoreline hbi@ts9 pmtktimly on ex~d Wmi3ts$ were  frequently
used by gulls as feading and rcmsting sitesa GMmeous Gulls wpewd to be
more e-on on s h o r e l i n e s  St low tides~ % Strang (1976) observad on the
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Shor 631 i me
$pee i es Aerial Surveys (%)1 I&@ surveys (%)2
-----e-- ----------------- ---a--.-- ------------------------  ------------
Glaucous Gull 98,8 ‘?507

Mew G@ 1 1*O 17.0

Glaucous-winged Gull 0.1 4.7

Sabine~s Gull < 0.1 1.7

Herr ing Gull 0,1 0.9

slat y-k!ked  Gull < 0.1 < 0.1
------- -----a- --------------------- ------- --q---- ------. ------- -- s----
Tot&l 100.0 100.0
====== ====== ====== ====== ====== ====== ====== ====== ====== ====== ====== ====

lShoreline aerbl surveys covered SU coasts.

2hnd surveys were concentrated near wetlsnds and do not represent
abundance on all coasts.
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SflOhELINE HABITATS:
PROTECTED SHORES

Cliffs

Moist tundra

wet tundra

spits

EXPOSED SHORES
Cliffs

Moist tundra

Wet tundra

Spits

OTHER SHORELINES

River delta

‘River mouth

o 15 30 45 60

BIRDS PER KILOMETER

Figure 53. Habitat use by Glaucous Gulls. Data are from 1980
shoreline aerial surveys. River mouths had large concentrations
because these areas opened up early in spring and because in late
summer gulls gathered there to feed on spawning salmon. Exposed
cliffs were favored nesting  sites for Glaucous Gulls: many also
nesteti on river deltas.
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Y-K Delta. Ghwccms Gwis .wo tended to (concentrate at lagoon outlets,
village dumpsp fish camp% amd fish processing plants.  During salmon runs
many Glaucous WS followed the spawning fish upstream

(b) Semond use. variations in seasonal abundance of aaucous Gulls
in coastal  Norton Sound are shown in Figure 54. Shoreline aerial s u r v e y s
and coastal  land surveys show a rise in population d e n s i t y  from May t o
June9 chle to a continued  influx of gulls into the region.  s o m e  of these
were probably heading north to the aretie. Coastal densities (aerial
surveys) dropped in Julyp and this is due mostly to movements inland from
the coas~  pwthdwly of gulls following salmon upstream, MCI is partly due
to the departure of nmthbouti migrants. A further  decrease in A u g u s t
m a y  be due to a m o v e m e n t  out of the Sand as well as to more  gulls
heading up shea.ms. Densities climbed again in September with breeders
and young of the year moving to the 13eaehes. Many ~weous Gulls moved
into NortorI Sound as n o r t h e r l y  areas Immune ice eoveredo The greatest
gull densities were seen cm 27 October 1980~ the latest census date.

The tundra land transects show a relatively stable population of gulls
throughout the breeding seasons. MiehelsorI (1979) note$ a similar p a t t e r n
for the Cape Espenberg area.

[e) G@ographie Di$tiibutiom. In 1980 the eastern part of the n o r t h
coast  from Cape Nane to Cape Darby Im3cl the greatest density of Glaucous
Gulls (Figure 55). This c o a s t a l  strip irmlwks irnportmt breeding sites on
cliffs at Bluffp ~pkok~ Square Roekj and Rocky Point. It ELISO contains
many suitable tundra nesting sites~ the Safety Lagoon entranee~ where gulls
gather  to feed and rm~ and numerous salmon mm.

‘l’be northeast mast of’ the Sound from Koyuk to Tolstoi Point also had
large gull densities, due to good wetland nesting habitat  on the Koyuk and
Akulik-lngutdik  Ddtllse T h e  town of’ Koyuk, various fish eamps~ a n d
n u m e r o u s  salmon runs attract gull% pwttidmly sub-adults~  to the area.
Unalakleet and $haktcdk also attract gulls with t h e i r  dumps and f i s h
processing plants.

The high densities for Goltin Bay are mainly due to concentrations in
late Cletober. Without the C@tober data densities there  chop to 5.3 birds
per km. In Cktober we only eensused pwt of the coast  and a reas  wes t  of
Nme and east d .KcIyuk do not include October dens i t i es .

The densities for Stuart  Island we for June Ordyg when gull densit ies
are rdativdy high and eomparisona b e t w e e n  Stuart  Island and other a r e a s
are not poesible.

(d) Nating Phenalogye C21aue?ous Gulls follow the opening iee leads,
a r r i v i n g  in Norton Sound in late April (Bent 1921; Bailey 1948).
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Figure 54. Seasonal abundance of Glaucous Gulls. Data are fro%
two survey methods in 1980. The drop in gull densities along
shorelines {censused by air) is due to sub-adult gu~~s moving
Up streams to follow spawning salmon. The land surveys do not
show this because they were made near wetlands where many of
the gulls are tied into the nesting effort. The rise in September
and October shows the influx Of arctic birds into the sound as
arctic areas became ice-covered.
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COASTAL SECTIONS

1 .  W a l e s  t o  B r e v i g

2. Port Clarence

3. Grantley Harbor

4. Imuruk Basin

5. Cape Douglas to
Nome

6. Nome to
Cape Nome

7. Cape Nome to
Rocky Point

8. Golovin Bay

9. Golovin Lagoon

10. Cape Darby to
Koyuk

11. Koyuk to C a p e
D e n b e i g h

1 2 .  C a p e  D e n b e i g h  t o
Tolstoi Pt.

13. Tolstoi Pt. to
Cape Stephens

14. Cape Stephens to
Apoon Mouth

1 5 .  S t u a r t  I s l a n d

o 5 10 1 5 20
BIRDS PER KILOMETER

Figure 55. Geographic distribution of Glaucous Gulls. Data are
from 1980 shoreline aerial surveys. Northeastern Norton Sound
had the most gulls (from Cape Nome to Tolstoi Pt., sections 7 to
12) . This is mostly due to the presence of salmon spawning
streams and fish processing plants. High gull densities on 27
October were found on a census from Nome to Koyuk,  particularly
at Golovin Bay. Sections other than 7, 8, and 10 were tiot censused
and thus do not include October data.

539



ruj

0
1

tl tj

Iii Ja8r
orzuq M6J

IJdflLG

xc)B432

-1

4!

o
-mom2

W
m

o

540

,
,
.



The phenology data in Figure 56 were eol.leeted  from gu.1.k n e s t i n g  at
wetland  sites. At such sites Ghw30us Ws usually  neat on islands  or
peninw.hs h large  tlm-dra ponds. bland nest Site$ are pmfemd, probably
beam d the protection they prwide  against fox predation (1.arson 1960;
Strang 1976). Many cmupy their previous year’s territories even before the
Snow has left the tundra (s@mg 1976)0

~estin~ datti fm$n both 1980 (nine mst$ or ObS~&ltiOXX of d’li~kS] and
19$1 (20 nests or bs-atiom of ehieks) were combined,  s i n c e  b r e e d i n g
phenologies were similar in both years. The p e a k  laying date was 27 May.
The incubation  period ranges  from 2 2  to 28 days (Strang 1976)$ and p e a k
hatching was about 25 Junee The average clutch size for 15 nests was 2.3
egg% s l i g h t l y  less than the mean clutch s ize  of  2,7 found on Y-K Delta
sites (Strang 1976).  The first f ledgling was seen on 30 Julys and f l e d g i n g
peaked about V August.

(e) Food Htiits. Glw.mus Gulls me generalists in their diet.  Dmmy
(19$0) reports  that  in Ncrton sound Glaucous @lls  feed on s u c h  items as
the egg$ &lIld yo.ilng Of other btid$, dead &%hllO~  Wtil!S e mrhl~  -On a n d
herring egg% and berries. Although  we eolleeted no gulls, we noted them
feeding on similar items. We also found them eoneen~ating  near villages
and fish processing plants to feed cm garbage  and fish scraps. Strang
(19’76) r e p o r t s  that  at Kcmhekik Baby (Y-K Delta), Glaucous Gulls fed
p r i m a r i l y  on fish, partkdmly tamed (~ -o Further inland at
a n o t h e r  Y-K Delta site  birds were the main food items. At both s i tes
G l a u c o u s  Gulls are usually the main non-human waterfml egg and chick
predator  (in some years foxes were). Although the gulls tended to concen-
trate cm certain food -items (pr&~ly according to their tiutimee)p Strang
(1976) found that  they ate a w i d e  v a r i e t y  of item% incduding marine a n d
terrestrial invertebrata~  eggs and ehieks of small birds$ and small m a m m a l s .

It is likely that Glaucous Gull d i e t s  in Norton Sound sire similar to
those of the Y-K Delt~  at le~t in the range  of items taken if not in t h e
proportion of various foods. Fewer waterfowl eggs and ehieks We probably
take% since nesting dadties of w a t e r f o w l  are g enera.lly lower in Norton
SOurld than on the Y= Delta (see Section ~ ‘Waterfowlw). N e v e r t h e l e s s ,
~~~w$ Gldh we Pr&~]y the major &vi&m P r e d a t o r s  Of the eggs a n d
young of nesting birds in Norton sound,

[f] Popdation Imreme. A noteworthy aspeet of ‘GIWeous Gull
populations in Norton Sound (and elsewhere in the  northern Bering/southern
Chuekehi We=)  $s the large number of birds in hnnmture  plmage. Drury
(pers. eomn.) ‘has sugg~t~ Glaucous Gulls in these areas may be beginning
or have already commenced a p o p u l a t i o n  outburst  similar to that  o f  t h e
Herr ing  Gull in tie North Atlantic. Kadlec and Dwry (1968) estimate that
the Herring Gull p~dation there has been doubling every 12 h 15 y e a r s
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O(eV21 IsaaeM) sibaul 
aniddata bits ,)1U0M aslaW '189(1 fl!9n ahluO a'en!ds2 bnuol eW 
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19in99 noiialuqoq tnsi1hiia siom a a! ails(l B-Y edt r1uoiii) bnuoa notioM 
(v88L). noalel'l tstsl eDnO aew e'ied noflsiuqoq 9ff (as1eqa aMI 'iol 
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a'noaLet4 991118 atedmun ni ease'i99b alifT Ji it! abtid beibauil sno nadt atom 
a'enids2 lath 1in!a bliioo 11 to aaserneb noitaloqog a 91891ba1 sm emit 

ehif191JP9i1 aeth noIoo tleiii evom amieT naiiuelA s11l aUu0 
edt II! eVhts alh,D a'enids2 tacit hoqe'i (eOX) nloonld bits noalsFidaD 

aM a asw rüt4ia iasiFiae mO .aM lo )199W ta,11 sill bIILIOa cr19111008 
.enut V d nial beilainil abild taom bits aM eta! cii nsed n!tasW .18Q1 

ecif .ashioloo llama mtol lls&su tud atlaq slnka as tasit 'hlano1aso rr 
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2. Mew GUM
Mew fml.ls were !2. ecmncxl 13ight ill ~a dcmg the hi?wm?s .snC1

wetimds of Norton Samd$ thoagh they w e r e  not nearly as tiundmt as

ameolls MS (’Il@e 2!4)0 ‘IMP bmedhg Puge h Alaska extends from

Kotzaue $h.Hlcl to $mmemtwn Ahska at both Wlatd md inland sites. h

Cm@ l!h=tm &WICl they usually nestefl in Wetimds near pond W@ es. we

fmntl the highest detitie$ in tie NmtheMt smmd on the wet tutia nesr
~nd~eet (1.91MS Koyuk WWti$ ~d ~~= ~oint (~e$l~~~ data fr~
1980 land weys)o W=ti, densities were highest in WlyS when the young
were fkdg kg o After’  r i d g i n g  t h e y  gathwd at river deltas ‘and around
river mouths. Strang (1976) noted Mew ~dk fedin~ (m fish9 marine

invwtebratm~ and small mmnals  on the Y-K Delt~ and s u g g e s t e d  that
indireet  empetition for food my exist b e t w e e n  Mew Gulls and Glaucous
Gum in western Mmka.
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Table 38. Sabixlt?ls G&Ii s i g h t i n g s  in Norton  som’d9 1980 and 19$1.

====== ======= ====== ====== =======  ====== ====== ====== ====== ====== ====== ==
Fb%bfer cm

Wetlmd  site Density Date comments
------------------------- ------------------------ ------me-  s------g _-a-

Port Clarence

Wool 1 ey Lagoon

Nane

Safety Lagoon

Fish River Del ta

Koyuk

Moses Point

Shktool ik

Stebbins
le3/km
1 a4/km
0e9/km

10

2$ May 1980
3 June 1980
3 June 1981
30 June 1980
4 July 1980
16 h$USt  1980

16 August 1980

17 June 1980

24 my 1981

18 May 1981
!3 June 1981

18 May 1981
24 by 1981
8 June 1981
9 June 1980
16 July 1980
24 Jdy 1980

18May 1981

10 June 1981

6Mav 1981
9&.lile 1981
20 June 1980
18 July 1980
25 Ju]y 1981

.Probably at least
1 breeding pair.

Migrants e

Migrant.

Migrants.

Migrants e

Probably at least 2
breeding pairs
in 1980j 1 in
1981.

A fairly cmn
breeder-at $tebbins.
These began leaving
about mid-July  and
b y  the end of Ju~y
few remained.

------ --------  ------  -------  ------  ------  ------  ______ ------  ------ ------ ------- ------ ------  ------  -----_ ------  ------  ------  ------  ------  ------  ____
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fledging period of only 20 days (Michelson 1979). Most young were fiedged
by midahllyo After fledging, the young and adults leave the breeding
grounds for the beaches, and leave tie area shortly thereafter. By the

end of’ ~dy there Wei% nO @V@IiieS left at ~t.ebbti and fw a@]tSo
&fiehelson (1979) reports a similar exodus around the ad of July from Cape

Espenberge

4* Bls@4egged Kittiwake
‘This guli is a ecmnon species in the iWortOn $cmd reg io~ with major

nesting colonies on St. Lawrence Islm! and at Bluffs and smaller colonies
elsewhere in the $ound. ~tal p o p u l a t i o n  for Norton Sound colonies is
11$265 (SOWh et d. 19’7$). Adults feed @rim~fiy offshore  end Of the 22,00
kittiwakes we saw in coastal  areas away from nesting cliffs, 80% were along
exposed shores on spits (hand surveys~ 1980 and 19$1). Further information
on this species can be obtained from Emmy (1980)s who has made intensive
stidies at the Bluff cciony.

.
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FL Terns

1. A&tie  ‘relrns
Arctic Terns are common nesters in coastal  and interior Alaskq and

are fsmiliar because of their aggressiveness near their nests. ‘Itiey are
perhaps most famous for their arctic to antarctic migration of up to 40,000
kilometers each year, ‘l%ey generally nest  in small ccdonies or isolated
pairs~ though ealonies of ever 100 pairs have been r e p o r t e d  (Bailey
1948). We found them nesting in groups as large as eight pairs. The nest
is a small hollow in gr~s~ smd~ or gravel . In coastal Norton Sound it is
g eneral.ly found on spits~ beaehes~ islands~ or wetlands near a lake or pond.
They feed primarily on small fish and invertebrates in coastal inshore waters
or in tundra ponds.

(a) Htiitat use. We found that spit habitats had the highest
densities of AJwtie Terns~ with the sea side receiving greater use than the
lagoon side (Figure 57$ land survey data). These were important feeding
areas all seaso~ and many Aretie Terms also nested high on the spit among
~&ZZ!!E5 or other Vegetation as W* as on open gravel above the tide line,
Wet tundra and lagoon beaches backed by wet tundra were also important
as both nesting and feeding sites. Though  wet tundra densities were lower

than those of spit habitats~ wet tundra was more extensive snd supported a
greater number of terns. Many terns which nested on tundra fed in marine
habitats. Shoreline aerial eensusing showed concentrations of terns around
river mouthsj particularly in June (3,6/km).

(b] seasonal use. Figure 58 illustrates the seasonal skmndance of
Arctic Terns with some indications of habitat use. Arctic ‘Terns were first
observed on 12 May 1980 and on 19 May 1981; the peak arrival time was 21
to 27 May of both years. The birds arrived with no indication of a coastal
onshore migratio~  and may have come overland. Th3ra transect data  show
a descending trend from high density in May to no birds in September.
May densities are probably highest due to an influx of both local breeders
not yet dispersed to breeding sites and terns headed for arctic or inlsnd
dtes. The high June density for beach transects was due to large eoneen-
trat ions of terns on spit habitats at Safety Lagoon. These may have been
non-b mederst as well as breeding terns e oming from distant nesting areas
to feeds mostly on small fish such as $andlance  (~ ~. In
generals June densities were lower than those of May.

Despite the production of young, July densities also dropped from
th.me~ perhaps because feiled breeders and some adults with fledged young
had already left. August densities decreased further from July due to the
departure of young and adult birds. By SeptemberB Arctic Terns were quite
rare.
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SHORELINE HABITATS :
- PROTECTED SHORES

MOIST TUNDRA

WET TUNDRA

SPITS

ExPOSED”  SHORES
CLIFFS none

MOIST TUNDRA

WET TUNDRA

SPITS i

OTHER SHORELINES
RIVER MOUTHES h

DISTURBED

NON-SHORELINE HABITATS :
MOIST TUNDRA

WET TUNDRA

0 1 .2 3 4 5

BIRDS PER KILOMETER

Figure 57. Habitat use by Arctic Terns. Data are from 1980 land surveys.
Of the shoreline habitats, spits were the most heavily used; these pro-
vided nest sites as well as feeding areas near lagoon entrances. On the
tundra (non-shoreline] Wet tundra was used more than moist tundra for
nesting and feeding,
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Figure 58. Seasonal abundance of Arctic Terns. Data
are from 1980 l-and surveys; values for shoreline and
tundra (non-shoreline) transects are given separately.
Tern densities dropped all season soon after the
arrival of breeding birds in May. The peak on shore-
lines in June is due to concentrations in spit habitats
at Safety Lagoon.
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[d *ographfe  Dfs@~bmt!one  .Amtke Tern
Norton sound wetlands we shown in Figure 59.
highest  Arctic ‘l&n densities in the Sounde Wmk

densities for the major
Safety Lagoon had t h e
Basin md $tebbhs  also

Brad high  d e n s i t i e s  and were @wtmt  br4ing u-as  for Antic Termse
Port C2erenee I@ higher d e n s i t i e s  than the two tiormentiond aress~ but
due to !ts wnaller sizes the number of terns there  was less,

Both Safety Lagoon and Port  C l a r e n c e  eonttin a great deal of the
SPit hbiht that ~tti Term f&V~  6 mmk B&in offers a Ch4ta  s y s t e m
w i t h  inland qualities9  though  we are not certain  how t h e s e  factors  a r e
related to the Mgh tern densities. me $tebbins wetlands are rich in ponds
where many terns fed. After fledging many adults and juveniles  shifted to
the mneist  where Nine-spine $ticklelm?ks (~ ~ sehookd in
the shallows and were frequently taken.

‘he Ko~k-lnglutd&  area had relatively low breeding densit ies but
aerial surveys showed high coastal  densit. ies of .Amtie Term in this area in
mid to late July (9.6 tSms/krn along river delta shordine].

[d) Hinting Phenology. The breeding =h@s of Arctic Terns
W=e ShlihM in both ~~80 and ~~8~~ sO the ~h=O~O~tid data fmn both
years were combined in Figure 60. Itiamation from 15 nests and v a r i o u s
pre-- and post-breeding observations is imludd. Many birds began nesting
within a week of their arrival cm the breeding ~ro~ndse hying  begsh  on
about 20 May of both years~ with a peak from 30 May to 6 June, A v e r a g e
clutch size was 201 eggs per n=t (N5 nests) and replacement clutches were
sometimes laid. Hatching peaked from 20 to 27 JwM?* and fledging peaked
from 11 to 18 July? after which adults continued to feed yang. In late
J@ and early August the terns began to form flocks of Up to 60 birds and
appeered to be in family groups with some adults still feeding young.
~swatiom in northern Ahska (130ekelhide and Ilivoky 1980) suggest that
many juveniles become independent of their parents prior to extensive
snigx%tory flights. By mid=ilugust  most terns had moved offshore, mm’ very
few remained in Septembere

t h e  Ps@fie and Bering Sea coasts of $iberia~ and in Akska from the
s o u t h e r n  ~ukchi EM at ‘!i’’w3ayehek Lagoon (northw=t of Kotz*ue)  to Dry
Bay in satiemtan ‘Mmka (Kessel and Gibson 1978.)0 Recent diwmwies  of
the aretie  colonies probably represent a northwti extension of rangq as
native obswas have r e m a r k e d  that t h i s  speeies w i t h  its c!istinetive
~wkin~s  and shor~hd+ke @ls is new to the Kotzebue area, We have
ffltlnd, ~ h= He Sp~ing= (pers. C-.) t h a t  Aleutian Terms often shift their



WETLAND SITE:

Wales

Brevig Lagoon

Port Clarence

Imuruk Basin

Woolley Lagoon

Nome

Safety Lagoon

Fish River Delta

Moses Point

Koyuk

Shaktoolik

Unalakleet

Stebbins

I I 1 I 1

0 I*O 2.0 3.0 4.0

BIRDS PER KILOMETER

Figure 59. Geographic distribution of Arctic Terns on Norton
Sound wetlands. Data are from 19S0 land surveys. Both Safety
Lagoon and Port Clarence offer spit habitats where terns con-
gregate.
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colony sites from year to year. The present population of Aleutian Terns in
Alaska has been estimated at 10,000 birds (Sowls et al. 1978). We estimate
the size of the population in our study area to be at least 500 birds.

T h r o u g h o u t  their breeding range Aleutian Terms gemertiy  nest cm
spits? or small idandsp on cm near river mouths  and lag e o n s . In Norton
Sound we found them nesting primarily in - stands on spits or small
islands? g e n e r a l l y  higher on the beach than Arctic Terns. we also found
one colony on moist tundra east of (lolovino

Adults were observed returning  from offshore feeding forays with
Sandla.me for their young. ‘l%ey are believed to sometimes feed as far as
50 or more kilometers from the colony (Kessel and Gibson 1979)~ thcwgh at
Gcdovin we observed adults feeding in tundra ponds. No onshore coastal
migration has ever been noted for Aleutim Terns. They appear to arrive at
and leave their nesting sites direetiy from the open sea (Kesse.1  and Gibson
197 S); thus we have very little habitat information.

[al mlcmy sit@.&% We found several colonies of Aleutian Terns
around Norton Soundp but they were most numerous at Safety Lagoon
(Appendix 21). we monitored one colony of at least  40 adults on an island
immediately west of the lagoon outlet in both 1980 and 1981 for phono-
logical information. ‘I%e 1980 colony was in a stand of _ while the
1981 colony was further west on the island in an area of small, closely
spaced ponds. This was  the only colony we actually located at S a f e t y
Lagoonp though 1+. Springer has Ioeated several in past years. He reports
1 6 0  adults in 1976, 3 2 0  plus in 1977~ 80 in 1978~ and 480 in 1979. These
were on at least ten ialandsj though only as many seven Winds had
colonies in any one year.

At Brevig Lagoon we found two colonies~ one with six birds and the
other with 16. Both were on the spit south of Brevig Lagoon in _
(Appendix 22). A flcwk of about 30 Aleutian Terns was seen at Point
CZarenee in early June in both 1980 and 1981$ and there may have been a
nearby colony. We also frequently saw Aleutian Terns near the mouth of
the Kwiniuk River. A local residentt Ralph Segeok (pers. eomm.)~  r e p o r t e d
that they nested near the tip of tie Moses Point spit (Appendix 23). W e
never visited this colony, but did see adults in the vicinity tiroaghout the
breeding season. B o t h  Drury (1980) and Kessel and Gibson (1978) report
Aleutian Terns there.

~ti~-five Aleutian Terns were seen on an Wand southeast of Unalak-
leet in the mouth of t h e  Unalakleet River in early August 1980. It is
highly Mkely that  there was a ecdomy at t h i s  site, though w e  did n o t
investigate it. We .&w saw four btrds at Shaktocdik in June 1980 and one
on Little  St.. Michael Canal sou thwes t  of Stebbins and St. Michael h Ju ly
1981. One of the earliest  colonies of Aleutian Terns reported was found by
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Figure 61. Nesting phenology of Aleutian Terns. Data are combined from 1980 and 1981 (39
nests) . Laying dates are extrapolated from hatching dates based on a 21 day incubation
period. Aleutian Terns begin nesting about one week later then Arctic Terns and finish
about two weeks later (see Figure 60) .
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SHORELINE HABITATS :
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MOIST TUNDRA
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SPITS
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MOIST TUNDRA

WET TUNDRA

SPITS
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Figure 62. Habitat use by passerine. Data are from 1980 land surveys and
apply to habitats in the immediate vicinity of wetlands. High densities along
river mouths is almost entirely due to concentrations of longspurs and Yellow
Wagtails at Brevig Lagoon in early August. Protected shorelines had more
passerine than did exposed shores, and these were mainly in shrubs of moist
tundra shores. OA the tundra (non-shoreline) habitats both moist and wet tundra
had similar densities.
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nestling
primarily
txmtretsts

and fhdg  w-g Ida@?d Lcmgspw’is
of C?f%mmy Spx!k?s ‘asS-cK?m%d with
with MrTovvp where longspur diets we mmigxmd m o l d y  of (3’rane-

W months. Passerimes were regularly  seen foraging  along
beaches.

a. se-end use
Pwsserine abundance was marked by two peaks during

in June and a n o t h e r  in August (Figure 63). The first

the drift line on

the season$ one
peak i s  due  to

breeding adults and fkdg ed yamg9 while the later peak rqyesent-s a n
influx of jweniles  0m2stiy  I.d@wd ~OR~SpWSj &o~ inland am! rmr%her n
nesting areas. June de!n$itk?s  of savmnah spw~ow$ were the highest for
this species and they eontinud to drop every month. By septmber  few of
this sptx?k!s  re$mined in Norton  MMid!3 JMult passerine of mat speeies
gmway left soon after the young fledg edt leaving juveniles to foliow
Mere

Like Mvmnti SpmrowsB, Eq#and Longsplm densities dropped in July as
&dults left the area, An influx of j,uvenua ill August raised August
d e n s i t i e s  to the highest  of the SeXOn. By early $eptabw most La@@
Long spurs had left the areae

RJl migration was much more  visible than that, of spring.  Both long-
spws and savmnah spmrows moved thralgh all of the Wetimds that  we
v i s i t e d  in Allgu$t in sizeable fl~k~e shields m$ Peyton (1979) report a
peak tigration dat~ of 8  August for $avannah $pamwvs  at the Akulik-
Inglumk Delta near Koyuk wh’em approxhatdy 5 0 0  birds passed through.
They found that L~lmd Lmgspur  mber$ peaked cm 15 August with m
@th@td 800 birds.

39 Wographie Distiwu&iom
Mtiwgh pusaines were Common in. all tile wetlands of Nwton SOUM$

@ome areas had epwitiy dense Conemwatiom. These area Use patterns
we ~ustiat~ in ~igure 64 for Ls@@ld LOn~qUFS~ SaV~nEdl ~~W~OWS~ and
fw all passerh% Cainde
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Figure 63. Seasonal abundance of passerine. Data are
from 1980 Iand.surveys and apply to the immediate vicinity
of wetlands. The June peak is due to breeding birds and
their newly fledged young, while the August peak is due to
an influx of juveniles mostly longspurs~ from northern
and inland areas.

559



WIYKAND’  SITE:—.-— —.- —
Wale5

Rrevig

Port Clarence

Imuruk  Basin

Woolley Lagoon

Nfme

Safety Lagoon

Fish River Delta

kloses POint

Koyuk

Shaktoolik

Unalakleet

Stebbins

I

I
LEGEND :

- All pzsserlnes

I ~~~ Savannah Sparrow
7/##~ Lapland Lonq.spur

.+%$lz%%$%%a%%%?%?

!

i- * 1 ~—----- —-- -1-
0 2 4 6 8 10 12
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Figure 64. Geographic distribution of passerines- cm Norton Sound wetlands.
Data are from 1980 land surveys. High densities at ?3revig represent concen-
trations on a small wetland area, mostly of juvenile wagtails and longspurs
in early August. High densities at Imuruk art? for breeding populations in
June only, and thus &re inflated celative to densities at other wetlands
that were censused more often. High densities at Stebbins are coupled with
a large wetland area such that Stebbins  had a far greater passerine popu-
lation than the other wetlands.



Brevig Lagoon had the highest densities for all paswerines and for
longspurs. This was a small are% however, and relatively unimportant in
total numbers when ecrnpared to large wetland areas such as Stebbins,
Imuruk Basin, the H.sh River llelt~ and lioyuk. The high densities at
Brerig were largely  due to m i g r a t o r y  flocks of Lapland Longspurs a n d
~*OW Wagtllih frOIn 2 tO 8 August.

Imuruk Basin was eensused only in late June? when  rnmt p a s s e r i n e
were at peak density; tier ef ore9 its densities are not as representative as
data from areas censused over several months. Imuruk Basin was shrubbier
than other wethmd areas in Norton Sound. Consequently it had a more
diverse passerine populatio~  containing 15 species. In contrast, the
passerine population at $tebbins was canposed almost entirely of Laphnd
Longspurs and Savannah Sparrows. Due to its large wetland are% both
species were more abundant there than anywhere else in the Sound.
Savannah Sparrows were the most comnon passerine breeder at Stebbins, but
had slightly lower overall densities than longspurs because they migrated
south sooner ,  The Fish River Delta, Koyuk, and Safety Lagoon also h a d
relatively high passerine densities and numberst primarily of Lapland Long-
spurs and Savannah Sparrows.

4. E’4esthng’ Phenologie
By the first week  of  May in bo th  1980 and 1981 m a n y  passerines~

inc luding  Lm@and Longspurs and Savannah Sparrows~ had arrived on the
breeding grounds. These two species began setting up territories within a
few days of arrival. Nesting began within a week of arrival for most
Laphnd Long spurs and slightly I at er for Savannah Sparrows (I?igure 65).
T%ere was no notic cable migration. Numbers simply increased until breeding
densities were reached.

The average clutch size of 13 Iongspur  nests in 1981 was 4.7$ and
this includes two late nests, probably re-nesting attempts, with three  eggs
each. Savannah Sparrow nests averaged 54 eggs each in 1981 (10 nests).

h late May the young began to hatch, and the high June densities
refleet this addition to the population, By the end of June almost all
young passerine had fledged.
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Figure 65. Nesting phenologies  of Savannah Sparrows and Lapland Longspurs. Data
are combined from 1980 and 1981. Longspurs (n=17 nests) began nesting earlier than
Savannah Sparrows (n=8 nests and 6 observations of fledglings) and some attempted
renesting (n=2 of the 17 nests).



Me Peregrine Falcons

peregrine Fslcons  are rare breeders on the cliff’s and rod outcrops
around l’Jorton $ound, IKnown and suspected nest sites sre usually on cliffs
near seabird eolonies~  where fskons are protected from manmudian predators
and have a reliable supply of food, OuP observations of nest sites and indi-
vidual birds have been reported to the O~~W kwtic l%ojeet (lf’fice  in
Fairbanks. F40ne are given beret because of the sensitive nature of this
species and the potential for disturbance by unlawful taking of eggs or
young for falconry.
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Seasonal trends  in the primary and swond~  pr@etiti&  of habitats
play m ~pmtmt role in patterns of bird h~itat seleetkm and migration.
This !&aetion  will discuss productivity of bird foods in habitats of Norton
SOmd$  the se&&Wnd energy eydes d Mr@s using these h*itats, and the

spe&13c food habits of the common shorebird and duck speeies.

Nutrients are a driving force of gwxvtit and their av~~~itiy limits
or promotes J@nMry productivity. Wetlands d’ river and littoral systems

ree @ve jy?riodk and substantial fqmts d waterborne rm trients9  and for this
reason are the prime habitats  mppwting  bird life in Norton Sounde
Drdnag e systems channel spring floods carrying the winter?s snomdt and a
surplus of production from the previous year in the form of deti ituse This
detrital load is composed of tons of plant and .aninsl remains. It is
eoneenhatd from large watersheds into r~at~vdy narrow valleys and
mtpowings of Pivers$ and is depos~@d over deltas and into lagoon Systemst
r~lmis~ng them with nutiien=e Detrflws f @s scavenging invertebrdes9

ehsed as detritivor~, imludi~ many of the fly larvae eaten by birds, snd
the nutrients released from c?etrithwres and from detrital decomposition
allow a. rich plant growti. ‘I’his in turn allows a rich fauna.

Wetlwd flooding eaeh spring is enhaneed by snow and iee dams at
dvel’  iTIOUt.hS and hgo!mse Thus most of the major wetlands of Norton
Sound retain f loodwaters  f rom the begiting of momelt until the end of
break-up$ a period of alxmt two weeks in mid to late Maye P e s t  flood river
f l o w  c o n t i n u e s  %he n u t r i e n t  input fmn terr=~id soure es~ though at
Reduced levels. ~rthE5’ nllbient  mhme~ent iS p r o v i d e d  by ~Otlstd
fl@ing in late am= and fall when sbrmahurnd ecmstal waters swell
onto IOw=%ying Wetlmds. In this vwiy, these wetlmds are part of the inter-
tidal zone.

Lagoon sys tems  at river mouths owe thir r ichness  not only to their
fr=~atw nutrient  i~ts but also to their pwtitiy enclosed shallow
waters, Bwrier beaches reduee the fet.eh$ limiting the extent  and strength
d wave * ~ing~ ~d by Shllil= m~~ Mmit k e X OUPe In tur’nfl ie?e is
retdned later into spring ( d i n i n g  rivers$ as abave)  without  the aid of

mrrmb md wind drift available  off’shor~ this serves to delay the seasonal
praetion Cyelee f+lomthekss~ rooted aquatics my take hold in the photic
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zone. N o t a b l e  among t h e s e  is EelgrtMs (~ * which approaches
its northern limit in Norton sound (Melloy 1968).

13elgrass plays am iqmtmt role in the eecdogy of s h a l l o w  waters. It
s t a b i l i z e s  bottom sdtien@y  produces Oxygent  provides a sheltered habitat
for small anim* tmd captures nutrien~ eyeling them back into the lagoon
when the grsss dies (Wg 1980; dem liartog 197’?). It is a renowned food
of lhnt and may nourish ~ada @ese and $wsms as well. V/e found
extensive ~elgrass ‘b% pwtktiwly in July and i%.qgus~ in Safety Lagoon,
and have fcmnd thick titirows at l.mpp and &dovin ~agoons. lt has been
r e p o r t e d  from St. Mkhad~s Bays Mslikfik BayB Kwiniuk Inlet (Mcses Point)g
Port Chrenc% and Ghwtley Harbor {Mdtoy 1968~

Nesting, rnoltingP and migration place seasonally high energy demands
on most birds, Indeed, tie sessonal limbs on productivity in the north
c?mnpel migrants to mcwe south to exploit seasonally productive h a b i t a t s  of
their winter grcmtise While birds are in Norton SOunds their prey seleetion
and choice o f ’  habitat  refleet their energy demands, Food ehoie es may be
further  modified by strategies limiting mmpetition between parent birds and
their young$  as these age classes may select  markedly different foods,

Nesting is always an aagy~nte~ive a c t i v i t y  f o r  birds, though each
species may approach the pr*lw differently. Canada Goose females are
known to begin laying WMI p r o c e e d  through irwubation without feedings
relying cm fat reserves and protein stored before srriwd at the nesting
grounds (ltaveling  1979L ‘l%is allows them to begin nesting well before the
tundra is clear of snow and before the summer$s plant growth is underway,
Mast other birds? p~ttidmly the smsller ones9 cannot develop such large

fat deposits and mst contimtiy replenish their reserves. ‘This is pw%i-
euharly true during and after the northward migration. Western Sandpiper%
for example$  must make frequent stops during migration to feed, whereas

the hrg er Durdin can migrate  by kmg9 sustained flight  (Senner 1979), me
m o u n t  of fat they have in reserve upon arrival on the breeding g r o u n d s ,
snd how znueh fax! k then avdl~leo may affect reproductive activity and
nesting  SUW2ESS (~mtm  1973$ MaeLm 1969)0

Egg laying is pmtktiwly &ddng. !3mdl sandpipers lay four eggs in
as m a n y  days that together  may weigh nearly as much as an adult female.
T’heir need for ealeim ean be great M t h i s  time, and MacLean (1974) hss

shown that they may take in a majority of their eslehrn from teeth and

bones of small msmmak and km inseet prey prior to laying, and little is
stored for the purpaseo l-k further wggests that much of shorebird
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MIDGE (CHIRONOIYIDAE] MAGGOT (CYCLORRAl?HA)

CRANE FL~ (TIPULIDAE) BEETLE (DYTISCIDAE]’
~

.
Figure 66. Common insect larvae e a t e n  by shorebirds in Norton
Sound. The  scale is a p p r o x i m a t e .



Beetle hnme were the  next mast mmnm food from wet  tundrq and were

Sk) frequently taken fmm intertidal slatMrates9 as wet’e  myskq Small srlailq
and small elm. l?iy larvae of’ the suborder Cyc?kwrapha  essentially

maggots) were the third mast ecmncm food taken km wet tundra ponds and

were MS eomncm from the littoral zone. @proxhatdy half of a silore-

birdsp  pe~~~$ Of hbibt, had EW2d$ in their stomachs, mOStiy from SedgE%

(- =.) and ~ue’s ~dl ~ ~o T’hese seeds may be a
necessary part of the diet and might not be ingested incidentally (see
bdow)e

1. wet mma FCMX!k
Fly hrvae  are the principal component of most shorebird diets in

tklndra S&ease Midge larvae of tundra habitats in Norton Sound are

probably limited prhafly to pond margins9 and this is where we observed

most tundra shorebird feeding activity. For shniiar habitat cm the liolomak
River (Y% Delta)~ Hc?.hnes  [1972) &m?I%s that ti’wr’e are v i r t u a l l y  no sod-
d w e l l i n g  hseet larvae~ and that  Dunlin find ahnost all of their food at pond
margins. This k in contrast to the more widespread cweurrerme  of insect
larvae found by Hohes  in the w e l l - d e v e l o p e d  sod at Barrow. There9 crane’
fly kwae [~pdidae) are the preferred food; these are able to respire in

air and are well adapted to Wing in moist SODS. h the ~OW+yi~~ wetlmds
Of ~CM’t~ SOIMld th@e h ]ittic! k~MSdk~ SOW md th~e mOI’e b=~@l
substrates cannot support the rkh larval pop~atiom that thrive in moist
organk+eh sediments~ as axe found h ponds and along pond margins. The
moisture content of wethmd sods in the fiound may also be too low for
man y midge and other larvae that depmd on a water medium for r expiration.
?’his paucity of @+wding larvae is caused in part by periodic f’loodso
‘I’he details of how this works are not clear to u% yet the result is quite
apparent; the most prdctive wetlandsj nottily at $tebbins~ lfoyuk~ and the
Fish Ftiver$ have a lm+ying~ fairly spwse vegetation? and myriads of ponds
and ehanrmls. i%.lt burti~ is partly a causes as is silt and sand deposition
frclm ads.

We found midge harvae to be the most abundant suitably-sized prey in
mud s~l~ frm’n pond mmgim and the littoral zone @able 2$). l’hey were
only slightly more eommcm in these substrates than they were in stomach
eontents9 K%?.lative to other Org Wlismq SLlgg estirlg passive Sdeetion by
feeding birds. Eh3weverp the average size was about 40% larger fm midges
eaten in wet tundra ponds (%!3 mm) relative to those w~tile (6.9 mm).
l-knee, seleetion for large size is apparen~  lkdmes (1968a) has noted a
minimum size of 5 millimeters for midge Isrvae taken by KlunlinO
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Midge  hrvae are not always readily available to shorebirds, and this is
dependent on the midge life cycle (Figure 67) and on weather. A mid-
summer emerg erme of adult  flies causes a depression in larval populations,
though  this may be smoothed by the presence of several different species
with non-synchronous emergence periods. This emergence is heavily

exploited by shorebirds though we substantiated this only by observations

of feeding birds snd not a stomach contents examination. Chick hatching

is notably synchronous with fly em erg eneq and chic?ks feed heavily on adult

flies in their first  week of life (Holmes 1966 and 19’72; Holmes and Pitelka
1968).

We noted drying pond margins in Norton Sound wetlands in August of
1980 and 1981, and suggest that this may be a regular event in the region,
expcsing more substrate to larvae-hungry birds. Local flooding may quickly
change this availability~ as Holmes (1966a) found at Barrow where inclement
weather may override insect life cycles in controlling food availability.
There late-season rains flooded ponds and covered otherwise accessible
larvae.

Other factors must surely affect midge larvae availability, as we noted
a steep decline from July to August in tundra pond samples (Figure 68).
Holmes (1970 and 1972) noted the same for his study area on the Y-K Delta,
and suggsts that this decline induces Western Sandpipers to depart early
and Dunlin to shift to riverbanks and intertidal feeding dtese Our habitat
use information supports this. There were a variety of shorebirds feeding
along tundra ponds in Augus& yet there were far less than in either June
or July~ and we noted a shift to intertidal areas in July and August (see
Figures 48 and 49).

C@orrapha  fly larvae were taken principally from wet tundra pondq
few were available or taken in the littoral zone. They are true maggots
(Figure 66). They have a soft body and usually no head capsule,  and are
considered to be the most highly evolved flies, including in their ranks
houseflies, fruit flies, and a host of psrasit  ic flies (CMroyd 1966). Larval
forms are particular~y difficult to identify~ and we can only say that those

eaten by shorebirds were mostly detritus and plant feeders. A few may
have been leaf minerq though these types were more cornmonLy eaten by
ducks (see below). Maggots were very important as food for Western Sand-
pipers on the Y-K Delta (Hohnes 19’72) where they were of minor importance
f o r  Dunlin (1-Iohnes 1970). On aretie tundra near Barrowp maggots were
infrequent foods of the four calidridines nesting there (Holmes and F’itelka
1968). Their frequency in the stomachs of Norton Sound shorebirds k
probably related to their availability  (11% of tundra foods, 19% of prey in
mud samples).
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Beetle larvae were akw Incst.ly found in tumdra ponds rather  than ‘in
the littoral Zone$ and many of those eaten by s h o r e b i r d s  were e arrdvorous
dytheids. T&!!ir low frequency  in mud -I- is Wrely due to their
m~~i~$ as they We In@e ~ikdy tO be caught by deft shor~hds than by
us. These larvae were far m o r e  mwtmt in the tutira diet of Norton
Sound shor~tids than as mwmded fcw Dunlin and Wmtern $mdpipms on t h e
Y“ Delta @oh* 1970 and 1972) or for the e-on c dkh+dines  at Barrow
(HChl= md Pitdka 196$). As with fly Uwvae, this is prdtily a result d
“their avtiltiUi&p and beetle Uwvae may also be easy to capture, being

active on top of’ the md substratxh
$eeds appear to be a c r o o n  f’ood~ @ti@gh their nubitiond use is

not dear. Ruddy Ttmnstones  nesting in t h e  high arwtie may feed on s e e d s
almost exclusively before i n s e c t s  become available in spring (Nettleship
19’73) and seeds are common in diets cd’ numerous other shorebirds reported
by Bent (1927). Seeds are definitely over-represented in stomach contents
analysis  because they do not break down readily, and they may be regur-

gitated (in snipe] titimt having been digested (Whitehead and Iiarris  1966;
TtM 1972)o

~equwtws cd all seeds taken in tundra ponds were eaten by
N o r t h e r n  Phalaropes9 and nearly all of these were in July when phalmopes
were surface  feeding on ponds. These seeds were probably floating and
had reecmtly been rde=ed by Parent @hLIItS. ~dK16!s (~~~~9 1972) s u s p e c t s
that seeds ingested by Dumlin and W@tern S a n d p i p e r s  were i%widentally
eaten with eaddis-ff y  larwm (’llichoptera) that use s e e d s  in their c? ase
b u i l d i n g .  We noted too many seeds in their stwmaehs and too few eaddis-
fly eases in ponds to support this.

2. L i t tora l  Fads
Shoreline littoral habitats  offer mostly rnidg e larvae and nematodes as

animal prey (T’Wle 28)? though  n e m a t o d e s  were very ram in s h o r e b i r d
stomachs. Excluding nerrmtodest m i d g e  Urvae emprisd 94 percent of the
mammeopie aminwds in the m u d . The lower pe~mtage of midge larvae in
shorebird stomm?hs (561 pen? ent} and their slightly kg er size (mean = 8.7
m] relative to those in the mud (mean = 7,4 mm) sugg @tS that shorebirds
mostly detwt@h  w mmtiy seleeted~ the l a r g e r  ones. Midge larvae were
most av@@le in May and June~ and their Autimce in s h o r e b i r d  d i e t s
EWMghly follows this sewndi~ (Figure 69)e The low in July is prably
due to the emergence  of adults.

Few other insects oceured in the littoral zone. AM littoral zone
feeding shorebhds whose stomachs Contained
near river ehmel bmks on the vegetational
‘Ihese larvae w e r e  surely not living within

beetle  hmme were collected
edge of the l%sh ltiver ~elta.
the mud substrate? as midge
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hrvtm doe
t h e y  Were

WE? “tcs’uikl ‘km? iii b?%’ ‘mid B@utig  ‘!TS13US  In) and ‘Emptx?t  that
hrvaeghmed as SUrfw?’e-ac%iin?  t?ar’ntvor’es. The cyelmr~ha

were Lu’M20mmon in bd-1 mud “and stomachs.
“c.wrm Wel’e pt’ey d’ Nowwrn Pbd’wq&

OIW Oi’ th43 nl@iS ‘~’dWle

‘The Uttoml zone is not lihmys avti’bre
c%wered periodically by what Diwy (3980)

a b l e  Eis WS true of

for ahol’afid  feeding,
L?cmsid et% we~rieious

ail but

aid is
tides.n

Though generally exposed at hi~ht~ rmld ahd sand ‘flats lvwieh their greatest
exposure late in summer. Rivefine Wlta flats are prminent at WOolky,
Safety? “~d (hltin Lag@n5 n~~ the mdtlth$ of the ~wik~ Kcyuk~ ‘ingkt-
alik$ and Unalakleet Rivers, and at the mouth of Iiialikfik Baye Mtiwatdy
steep canal bmks are tidally exposed ‘in %he Stebbins/St. Michaelts and
i@uk wetlands. Of theses the littoral *c3M3 at Safety and Gdovin Lagoonss
at Koyukt and the canal banks on the wetlands near Stebbins were the mast
intensively used by feeding i#hoi%birds.

319 wet. T%** $Mld Littbrd awitats wmpuf~
The comparisons presented here Qpply only to mud substrate and

stomach Samples$ taken p r i n c i p a l l y  $M the F i s h  River Delta and near
Stebbins. We suspeet that siini.lw Sites in Nck%on S o u n d  h a v e  simikr
properties though more san’iples  W? needed to disi?tiss  them

As a gmup9 shorebirds usually fed more medafu~y at tundra pond%
having an average of over twice BS many prey animals per stomach than did
birds colieeted in the littoral zone [Tkitde 29)9 and this difference was
significant. T’he number of midge larvtw per stomach was greater in tundra
f’eedersp though not sigdfiemtiy dff~erent fm littoral feeders. This
implies %hat the variety of ot.hek tundra hve?teixvd.es complimented larval
midges in the richness  of tundra diets.

Wet tundra mud samples heltl over twice w mahy wit~ly sized animais
on average thn did Iittoiwd sartqides$  ahd this is also true when ccxngxwing
numbers of midge larvae alone (Tlable So). T%ese differences are not signi-
ficant beeause of the high variability between stw@les, espeeid..ly  of midge
hrvae. About mw-f’ifth  d the samples in each habitat were devoid of

macnwscopie  animak+ many had few animals~ me had nmerws anirnalsf a n d
a minority; pmtktiuly from wet tundra poncisy had a great m a n y  a n i m a l s
(Figure 70)0 Excluding counts of nematodes (thse Were rare as bird food)
t h e  nwnber of wdmais per littoral sample tiet%wses to the point of being
signii’ieantly different but marginally so~ irom that  of tundra pond sml=.
Hence, we found a high degree  of var iab i l i ty  in ouf sampks~ with gaer~y
higher counts of potential  prey in the mud of ti@ra ponds. As disecwered
with stomach contents  (see t h e  preeeeding puagr~lo~ numbers of m i d g e
larvae Were d~i~nt, but not aM-@ortmt. Rather, the nmbers of’ o t h e r
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‘mble 29. stomach  ecmtents  of wet tundra  pond edge  ~d

littoral feeding shorebirds compared. l

------------  ------- ------  ------ --------  ------- ---------  ------ -------  -------  -----  ------  -----  ------  -----  -----  -----  -----  -----  -----  ----------  ---
Wet Tundra Ponds L i t t o r a l P’

---------------- -. .------ ----.--- ------- --------------- ------- ------- ---

Total Animals3
Mean 16.1 7.4 0.02
Standard Error 2.9 1.’? (Significant)’
n 40 25

------ -----._ -----. --- ------ ------ ---- ---- - - ------- ------ . . - ------ ------

Midge Larvae4
hlean 18.3 7.8 0.12
Standard Error 4.9 2.4 (Not

n 18 13 significant)
--------- ---------------------------- --- - ---------------------------- ------- ------------ ------ ------ ------- ---- ------ ------ ------ -----------

lData for Sernipalmat  ed Sandpipers (16), Western Sandpipers (18)! D@in (1S ),
and Northern Phalaropes(16),

2Mann-Whitriey  U tes~ used instead of t-test because of unequal variances.

3Does not include cladoeerans  taken by phalaropes, which were taken or’ly
on tundra ponds. These are much smaller than the other prey and would
grassly inflate the total numbers data.
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4Does not include data for stomachs without midge larvae (22 stomachs from
tundra ponds without midge larvae, and 12 from the littoral zone); inclusion
of this ‘zerow data would have reduced the difference between rrteans and
made it less signif ic ant.
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----- -----  ----------- -----  ------  ------ ------  -----  ------  ------  ---:----------  ----- ------  ----- -------  ----- -.-- 4-..  -------  ------  . ------  ----

.----
-----

Wet TMdm4 E@nd,s- L i’t’Wm!ll !!$1
-------  --------  -.. . ------  -.. . --------------  ---------------------  ----------

Total  h hnds?
Mean 54!.2: 2<10 8“’ 0.29
Standard Error 11.8 4:*O: (Not

63 73 significant )
No,nof Rrp ty Sql l’es 1,1 15
-----e- ------- ------- ------- ---------- s------- . . . . . . .+ .-. -.. ----------------
Total wi thou~ FGsmatwks

Mean 53.7 17.9 0.05’?
Standard Error 11.8 3..7 (Marginally
n 83 73 significant)

------- -------- --------- -------- -------- -------- -------- --------------- ---
Midge Larvae

Mean 32.0 16.4 0.51

--::::::-:::::---_ -__-:::: _----__ ---. --::::. --_----- .::
n 63 73 significant)

----------- ------------ ------- ----- ------ ------ ----- ------ -= ===.= :==::=

lMann-Whitney U test; used instead of t-test because of unequal variances.(

2Does not include  animals less than two millimeters. Samples were 20 x 25
em. and 4 cm deep.
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4* Stmaeh  C4!mtewit$
(a) Setiipuatd  Stimdpipeis. Add~t SemipMtnated Sandpipers near

Bsrrow were found to feed nlosi heavily (70%) on inidge lww~e (Figure 71).
At Barrow they were found t o  switch mmentmfly  to adult flies when they
were awdlable in eatly July (HoMMX @d Pitelka 1968)6 Our colleetiohs
were too few to d~mmt & S w i t c h  to adult f~ies if this omm+edo OiIr
swnphe of 4 Iittorally  f e e d i n g  adul%s shdwed Sm&l a m o u n t s  of larvae of
midgesg uaneflies~  maggotsj and beetl&$ as Well as 2  small snails.

Of the 6 fkdg e d  j u v e n i l e s  t!ollet?ted cm tundra, 3 had eaten fly
Xll&3~~OtS and 4 had !ingeSted b&etle hlrV@. N?otdb&p none had eaten midge
krvaej in strong eon~m t to the diet of juveniles at Barrow thQt relied
mostly on midge larvae titer tieir init ihi diet of &Mt flies (Holmes and
Pitelka 1968]. Midge larvae w e r e  emon in tundra ponds in July in Norton
Sound (Figure 68) and it appears that m a g g o t s  *d beetle  larvae may be
preferred foods during their short post-fledging period when they fit ten
before  departure by the &md of July.

(b) W@tern Sandpipus* Adult West&m ‘Sandpipers feeding on tundra
were not as pwtid to midge larvae as were Wmiptiatd i?kndpipersy
ewning fairly equal nwnbers of midge lmae~ fly maggotsp amd beetle
larvae (Figure 72). This dtetary  rmge f&sembks  that  for W=term  n e s t i n g
further  s o u t h  cm the Y-K IhXta ~ma ~972)s though beetle  larvae were
considerably more e-on as fcmcl in obr study.
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Fiqure 72. Stomach contents of Western Sandpipers from
we: tundra and littoral habitats. Tundra foods were not
at all similar for adults and juveniles, although the
latter sample was small. Adult=were generally taken ear-
lier in the season. Littoral foods were nearly identical
for -the two age groups; these were usually feeding to-
gether at the same time.

Figures 71-74: n= number of birds in each age and habitat group; the number in
See Appendix 7 for dates and locations of

the lower right= number of seeds.
collections, and see Appendices 8-15 for details of stomach contents.
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Because W e s t e r n s  nest mostly cm ra i sed  moist tundr~  their early
season fcmd~ ants? spiclersy and adult beetlesy are prine ipally those of their
territories~ before wetlands ere fully free of snow and spring floods (Hobnes
1972). In Norton Sound by the end of May they feed regularly in wetlands
away from their territorks~  and larval flies and beetles become the mainstay
of the diet for the duration of the season (Figure 72).

Western juveniles first feed on surface-active flies, beetiest and also
maggots shortly after hatchingg switching,  once they have fledged, to a
diet resembling that of adult Westerns (Hohnes 1972). Our negligible  ssmple
(~ = 2) of’ post-fledging juveniAes roughly supports thisg especially those in
the littoral zone.

littoral feeding was emon in Norton SoUnd for Western adults and
juveniles, though Holmes (1972) found this to be infrequent on the Y-K
Deltae In this habitat in Norton Sound midge larvae were the predominant
food (Table 27)e

[e) DMnlin. ne tutira food habiti of Dun.lin in Norton SOUnd (Figure
73) are those of strictly wetland feeders since on wet tundra they were
rarely seen feeding away from ponds and pond margins. Of the !3 adults
co l lec ted  half had been eating beetle lsrvae while cranefly larvae and
midge larvae were each found in 2 stanachs, Numeric ally, larvae of both
beetles and midges were each somewhat less than tmlf the animal diet,
~ough a small samples this dietuy array resembles the results of a more
complete analysis of foods on the Y-K Delta (Holmes 19’?0)s where midge
larvae were by far the most emon prey. With the exception of our
preponderance of beetle IarvaeB this diet is similar to that of Dunlin near
Barrowp where c~anefly and midge larvae were predominant ‘in a diet
gleaned from tundra sod (Hohnes 1966 Q), There, midge larvae were most
frequently taken in July and Auguste Biomass analysis of that diet showed
cwanefly larvae to be the most important food by far due to their lsrge
size.

In the littoral zonej midge kvae were the only prey of adult Durdin,
save for a single Snail$ while the number of seeds dwarfed the small amount
of animal prey in juveniles.

(d) Northern Phdmope. Adult phahmopes took mcstiy mklg e larvae
and some beetle Iwae frem tundra ponds @igu~e 74)9 and they gleaned
these mostly from pond edges. Seeds were common in half of those
collected near ponds~ while 2 of the 3 adults collected in the Mttoral zone
had seeds. Few phalampes  h the littoral zone were swimming and peeking
at the waters as is typical for phelaropes; hstead$ most were pecking at
the mud surface. This was the usual feeding mode of adults at tundra
pondsp notably malesg prior to ehiek f’ledg ing, only one adult female was

takenp and she had eaten 3 midge larvae and a snail in the littoral zone.
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Fiqure 73. Stomach contents of Du~~~n from wet
tu~dra and littoral habitats. Tundra foods are not
readily compared between the age groups due to the
small sample  o f  j u v e n i l e s  collected there. Littoral
f o o d s  o f  adults and j u v e n i l e s  are v e r y  d i f f e r e n t
from each other; n o t e  the great number of s e e d s
tak~~ 13y juveniles. . . .

Figures 71-74: ~= number Of birds in each age and habitat group; the number
the lower right= number Of seeds. See Appendix 7 for dates and locations ‘f
ca~lections, and see Appendices 8-15 for details of stomach contents.
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Females massed on tundra pands ~nlate dune, prior to departur~ and fed by
surf ae e seizing.

A&r fledg ingP juveniles f ceding cm the tundra were mostly on ponds.
We of the 2 we eolleeted  had eaten many Oladmerwp  while the other had
taken 2 beetle  larwe. In the littoral zone feeding juveniles were peeking
at the wate#s  dg e  cm the mud surface? finding mysids and ohms, T h e
cladoeeran egg eeses may have come fmxn this habitatj  though they may be
resistant to digestion and ecmld have come from nearby pond feeding sites.
Seeds were eaten by 3 of the 5 @@n@SO

Da D?mk ?W@ Habits

W e  are best able to deseribe the food habits of dabbling dwks,  as
they were much more common than divws snd considerably easier to colleet.
~abblers tare also more characteristic of the wet tundra areas stressed in
t h i s  report.  The ssrnple size of duck stomachs is about half that  of shore-
‘oird~ and$ a s  w i t h  ShOFebirdSA r+tcmach contents  data  from t h e  five most
mrmnon dabblers are lumped to give a general picture of dabbler foods.
Deteils of stomach contents for each species are given in Appendie es 16
through 20,

All dabblers were collected on wet tundra, and the food habits
reported here pertain to this habitat alone. ~dentific ation of food types is
mostly limited to f amihl or higher ctdeg orks~ as with shorebird fed%
bemuse invertebrate  faunal descriptions are lacking for western Alaska.

1. ‘mnMr$l  R3ds
Dabbler% are typic ally vegetarians exeept in spring snd summer when

animal prey provides additional protein needed for females to lay egg Sp
adults to molts and young to grow quickly to flight stage.

Nine ty  pereent  of adult dabblers (N = 25) had plant remaiw (la.rg dy
u n i d e n t i f i a b l e )  i n  their stonwmhsf and 76% had animal i t ems  (Thble 31).
Plant shoots were mainly sedges (m at and the thyme was mostly
remahs of shoots from earlier meals. Weds were also d’ sedges M well as
Mare% Tail (Figure 75)9 en abundant emergent plant mrmnon in mid to late
summer. The most frequent animal prey were midge hwvae$ occurring in
over 40% of adult stomachs. C@xmpha Mrvae were fairly frequent, at
2 4 %9 and many of these were probably pbwt miners bee below).  Beetle
larvae? beetle  wlul~ wwnefly larvae$ mit’kS$ and mysids were all of lesser

importaneee
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Table  310 Stmach eont’ents  of’ dullt fund junfeinile dabbling dudes eollwted on wet tundra fmm  18
May to 8 September 1981. Data  are for 4 Mallardss 17 PinttilsB 14 N o r t h e r n  Shovelers,
8 Green-winged  Ted$ and 3  American Wigeon (see Appendices  16 through 20 for
details).

===== ===== ===== ===== ===== ===== ===== ===== ===== ======  ====== ===== ===== ===== ===== ===== ===== ===== ====== ==:
Adults Juw?!mes

Mean Mesn
Length Length

Prey Items n %1
Freq. %f (mm) n %1 Freq. %f (d

—- —. ——. —-—--— . . . . . . - . . . . —-—.  ..--— — -. —-.-— ------ .--— — -—-.—  -—
Midge Larvae 617 69.2 9 43 9.6 160 66.9 2 8 i’.8
Crane Fly Larvae 3 0.3 2 10 20
Cyclorrapha Larvae 209 23,4 5 24 9.9
Adult Diptera 37 15.5 2 8 3

m Beetle Larvae 7 0.8 2 10 ‘7.7m- Beetle Adults 7 0.8 2 10 10.7 13 5,4 2 8 5.3
Hymenopteran Adults 8 3.3 1 4 3
Mites 31 3.5 1 5 1
Mysids 3 0.3 1 5 7
Copepods 150 – 1 51
Snails 14 1.6 2 10 5 21 8.8 2 8 5
Nematodes 1 0.1 1 5 7

Animal Items 1,042 100.0 16 76 8.1 239 99.9 5 20 6.5
-. —---  -. .-c - .— .-—-

Shoots 323 ;62 6 29 13.1 75 1 4 15
Vegetation (~yme) — 12 57 ;12 18 72
Seeds 1,379 – 16 76 2e0 1,896 — 20 80 1.8

.PUant Item 19 90 23 92
— ------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------. . . . . . . . . --.-—- . . . . . . . . . . . . . . . . . . —-._-—
N of Bkk% 213 25
-------------- —______ ________________ ----- ----- _______________________ ------- ------- ------ --------- —-- ——-— —-—-- ------------------------------------------------------ ---------- ------ -------- ------ -- -----

lPercent of animal matter, not including copepods.

2Pereent volume for those birds with thyme in stomach.

3 16 of the 21 dabbler adults were males.
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Figure  750 Mare’s Tail’ t~pUris
tetraphylla)  ~ a common emergent
pond plant in Norton Sound wetlands.
it seives as a substrate for m i c r o
fauna, thUs enriching ~ond life.
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only one pr’e-hyirig  female was Collected; its Stomldl and esophagus
were full of shoots and shoot-mining maggots, The larvae are probably a
fine protein source for egg formation and prey; laying females are known
10 fr~uentiy consume midge cm other larvae (Dirsehl 1969; $%wmson et al.
1974; Krapu 1974; Serie and Swanson 1976; Schroeder’s 1973 review article).
Heavy reliance on midge huwae has been demonstrated by Bengston (1971),
where a reduction in these larvae prior to egg formation was coupled with
a 20 to 30% drop in body weight of females in 4 duck species. Clutch size
was significantly lowered in 5 of the 8 speeies he studied.

Adults are also highly dependent on invertebrates when molting, as
feather replacement requires a ric?h protein supply that plants alone may
not provide (Kr@l 1970P Hawkins 1964). We did not collect flightless ducks
and cannot desdbe their food habits during wing molt,

Many of the eyclomapha larvae (maggots) were pi=obsbly picked up by
ducks eating shoots of sedges and other wetland grasses, as certain of
these larvae are known to develop within plants. Called stem (or leaf)
miners~ these maggots feed on nutrients procured by the pkmt9 and they
provide what might be considered incidental protein to ducks. Brant fed
on shallow water shoots in spring on Golcwin Lagoo~ and their stomachs
often contain many of these larvae (Stanley Amarokg pers. cormn.)e Not all
eyclorappha are ingested with plamts~ as we found them living free in mud
samples (Table 28)9 and ducks may procure them by dabbling.

Dabbler ducklings are particularly dependent on insects in the first
few weeks of life (Chura 1961, Bartonek 1972, Bengsten 1975, Street 1978).
We made numerous observations of young ducklings feeding on the surface
and at the edges of ponds$ and conclude that they glean their much-needed
insects principally from these sites. It is quite likely that the ducklings of
each of the dabbling duck species in Norton Sound have their own unique
foraging methods, and svbsequentiy  their own unique preferred prey base,
as this result  was found for numerous duckling species in Manitoba (Collias
and CcAlias 1!363).

As ducklings age$ their dependence on animal food wanes. CYmra
(1961) reports  that Mallard ducklings steadily decrease their intake of
animal foods from aknoat 100% h the first 6 days of life to nearly none at
46 to 55 days~ when they are close to fledging.

Foods of juvenile ducks (N = 21) in TBMe 31 are of post-fledging
young. ‘The stomach contents show an infrequency  of animal prey (20%) and
a preponderance of seeds {80%). Seeds are more resistant to digestion than
hseetss and thus will remain longer in duck stomachs (Swanson and Bartonek
1970). This fact, plus the low frequency of aninxd prey, suggests that
young birds were not feeding as much as Bdults,  and they were not
consuming much invertebrate food.
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VII. DHKXJSSI03J w R.BSULTS Am IMPAm

& mshibution  of E!labitats

~iscussed  here is the distribution of the eleven shoreline habitats in
~orton Sound from Wales on the lhring Strait to &mon Mouth in pastel
Bay, tie easternmost mouth of the Yukon River. The detailed division of
the entire  coastline into 15 seetioms is simplified here into a three-region
scheme (Figure 76k

Northwestern - Wales to Cape Nome (Sections 1-6)
Northeastern — Cape Nome to ‘Tbl.stoi Point (SWtio~  7-12)
Southern — ‘IMstoi Point to Apoon Mouth (Sections 13-15)

These regional divisions are distinguished by their proportions of habitats
(Table 32) and by bird use (see below).

1. Northwest ChMt
This region has nearly three-fourths of the total  surface area of

protected waters in Norton Sound (~ble 33). Less than a tenth of this is
in true lagoons, the bulk being in the extended chain of embayments from
P o r t  Clareace e a s t  t h r o u g h  Grantley Harbor~ Tbksuk Chmel, and Imuruk
Basin. over one-half of al! shorelines are backed by moist tundra and
upland% and these predominate in Grantiey Harborp ‘l_lksuk Channel, and
lmuruk Basin. Exposed shore cliffs are found from Wales to Tin City and in
a few locations between Tin City and Brevig Lagoon. The only cliffs along
protected shores in Norton Sound are found in Port Clarence and Grantley
Harbor. Wetland shores (wet tundra and river delta shorelines) are most
extensive on Imuruk Basins with a lesser amount on Woolley Lagoon and a
littie on Brevig Lagoon. Spits are extensive at Port Clarence and both
Wocdley and Brevig Lagoons.

2. Northeast Cc$ast
This region is urdque beeause of its extensive wetland shores (23% of

the reg ion~s shorelines) and productive lagoons~ notably Safety and Taylor
Lagoons~ Gcdovin Lagoo~ and Kwiniuk Inlet inside of the Moses Point spit.
Coastal cliffs are much more extensive here (and more heavily used by

seabirds) than in the other two regiona~ and there is relatively less shore-

line backed by moist tundra and uplands, This is the only region with

spruce forests. Spits are extensive and comprise approximately one-f ourth

of W shorelines. Mud flats in Norton Sound are essentially confined to
this regio~ and they occur on Safety Lagoon on Ckhvin Lagoon at the
mouth of the l%sh Itiver llelta~ adjacent to the liwik River mouth near Moses
Poin& south of the Ifoyuk l%iver mouth, and near Sha.ktoolik and hlalikfik
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BBys.

3. SOuti C@&St

‘TII$S r’eg ion
northern regions,

is considerably less diverse in habitats  than the two
Over three-fourths of the shorelines are along moist

tundra uplands with low baaalt bluffs and nume!wus tiny bays. There are no
enclosed wat ers$ though St. Michael Bay is protected on the northwest and
south. Wet tundra shores extend most of the distance from Stebbins to
Apoon mouth; these are peat banks, and unlike the wetland shores in other
regions? they are poor for birds. As will be discussed below, the wet
tundra behind the shore is highly
habitat in the region.

Be Habitat lJse9

productive bird habitat. There is no spit

Seasonal  ~uti~c es and
Geographic Distribution of Birds

The high mobility of birds allows them to exploit seasonally productive
habitats for nesting and feeding. In Norton Sound we have identified
several patterns  of seasonal habitat use distinguished by breeding habit~t,
by when populations peak (breeding versus post-breeding periods), and by
where mcst of the peak population feeds (’hble 34). Most migratory birds
arrive in Norton Sound from mid to late May. Their primary nesting habitat
(excepting @f f-nesting species) is wet tundra, usually adj~eent to lagoons,
river mouthst or river deltas. Much lower densities of nesting birds occur
h upland moist tundr~  shrub$ or forested habitats in Coastal Newton Sound.
Birds are generally mot abundant in coastal areas after  the breeding
seasons when they gather to build fat reserves and prepare for the flight
Sou m . There is .a seasonal trend of increased littoral feeding as the

season progresses from spring through fall. CWerallS populations are gener-
ally highest in the northeastern region of Norton Sound (from Cape Nome to
‘Itdstoi Poin~ 32 km south of thwhddeet), followed by the southern region
(’lkdstoi Point to Apoon Mouth,  Yukon River), with the lowest populations in
the northwestern Sound (Cape Prince of Wales to Cape Nom% see Table 39
below).  Departures of most migratory birds from coastal Norton Sound peak
from mid-August through mid-September. These patterns do
apply to all bird groups; the details for each of the eight
in  Norton Sound are given next. Appendix 26 gives further
habitat use and seasonal abundance in checklist form for
observed in Norton Sound.

not necessarily
croon groups
information on
all species we
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Table 3k. Patterns of habitat use and seasonal abundance for
eight bird groups in coastal Norton Sound.

M = moat individual. S . some individuals.

—

1. Wetland breeders with
a) peak numbers in breeding

period feeding in:
(1) littoral M
(2) tundra s

b) peak numbers after
breeding feeding in:

(1) littoral M
(2) tundra s

2. Upland breeders with
a) peak numbers in breeding

period feeding in uplands

b) ,peek numbers after breeding
per%od feeding in:

(1) littoral s
(2) tundra

s
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s
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M
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s
s

s
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1
Some Aleutian Terns nest on uplends and feed
in marine waters.
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1. Loons
I.mons breed primarily on wet tundra and are most common during the

nesting season (’llable 34)e A slightly higher density in July than in June
represents the production of young (Figure 76~ both young and adults
depart  Norton Sound soon after rmting  is cmpleted.  Of the two species
common in Norton Sound9 the Red-throated Loon feeds more in littoral
areas$ usually exposed shores (7hble 35) than does the Arctic Loo% which
often feeds in tundra ponds (Bergman and Derksen 1977)r as well as along
exposed littoral shores.

Estimates of loon populations on Norton Sound wetlands were in the
low hundreds or less at each site (Table 36). Well over half of these were
in the northeastern region {see Table 39 below), although the Stebbim
wetland% in the SOUtht had the high population of Arctic Loons (200) and
the hnuruk Basin, in the northwes~
Loons (120),

2. waterfowl
$wans~ geese, and ducks are

differing patterns of’ habitat use

had the high estimate of Red-throated

treated separately here due to their
and abundance. Generally, they are

wetland nesters and after nesting are most abundant in wetlan~s and ‘along
protected shores near wetlands when they gather to feed (Table 34, Figure
76).

(~) SW-* Whistling swans are most prevalent in coastal Norton
Sound after nesting (Figure 76) and at that time are found in Iagoonal
(protected shordine)  as well iqs wet tundra habitats  (’hble 35).
Post-breeding populations are greatest in the northeastern region (see
Table 39 below) and these occur primarily at the Fish River Delta {GolovirI
Lagoon) and d Koyuk (’hble 37). The origin of these birds is uncertain,
though they may wane from nesting areas on St. Lawrence island as well as
the Seward Peninsula. As many as 1~000 swans were counted at the
Stebbirs wetlands, and these probably came from nesting sites on the
nearby Y-R Delta.

Nesting populations on wetlands were usually less than ten swans each,
though a few hundred non-breeders were present in spring at the Fish River
Delta (’rime 36)0 Widely scattered nesting pairs were also observed along
large inland lakes in upland tundra areas.

b} ~e-e, Very few geese nest in Norton Sound (’l%b]e 36) and those
that occur there are primarily migrants. Canada Geese are the most a b u n -
dant and these concentrate  (after nesting to the north of Nwton Sound)

along proteeted shores, on wetlands$ and on uplands (?hble 35) where they
feed cm berries. Numbers peak in September and most of these can be
found in the northeastern region (’l%ble 37); our estimates for total popu-
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1 of Norton Sound birdsTable 35. Habitat use and. activities
during spring migration, breeding, and post-breeding periods.
‘TMs list includes the common species discussed in Chapter VI-
Results; see.Appendix  26 for other species.

Shorelines Non-shorelines
Exposed Protected Wet tundra Moist tundra

Species Littoral LittO~al(la~oons) (Wet lands) (Uplands)

LOONS
Arctic Loon
Red-throated

Loon
WATERFOWL

Swans
Whistling Swan
G e e s e
Canada Goose
Brant
Emperor Goose
Snow Goose
Ilabbl  ing Ducks
Nallard
Pintail
Green-winged

Teal

br ,pb

sm,br,pb

pB2

sm,pb

Northern Shoveler
American Wigeon
Diving Ducks
Greater Scaup am
Oldaquaw sm, br, pb
Common Eider sm, br, pb
Black Scoter SM,pb
Red-breasted
Merganser 9m

CRANES
Sandhill  Crane

SHOREBIRDS
American Golden

Plover
Bar-tailed

Godwit pb
Whimb re 1
Black Tunstone sm,pb
Northern

Phalarope
Red Phalarope ~,pb
Common Snipe
Long-billed

Dowitcher
Semipalmated

Sandpiper BR,pb
Western Sand-

piper PB

am,PB,br

PB
SM , pb

sm, pb
SM,BR,PB

sm, PB

PB
sm,br,pb
pb

BR , pb

BR,pb

sm,br,PB

sm,br,PB
SM , pb
sm,br,pb
sm, pb

sm,br,pb
SN,BR,PB

sm,BR,PB
sm,BR,pb
sm,br,pb

sm, BR
BR
br

sm,br,pb

SM,br,PB

pb

pb
br ,pb
sm, pb

sm

sm,PB

sm,BR,PB

br .PB

pb

sm,br,pb
br,PB
BR

BR,PB
br
br,pb

sm,br,PB

SM , BR

SM,br,pb

br

PB

PBZ

br

br

br

sm,PB

sm,BR.pb

BR
sm,BR,PB

br

br

- BR



Table 35 cont.
Shorelines Non-shorelines

Exposed
——

Protected Wet tundra Moist tundra
Species Littoral Littoral(la~oons) (Wet~ands)  _ (Uplands)_.— _

SHOREBIROS cont.
Pectoral Sand-

piper
Sharp-tailed

Sandpiper
Dunlin

JAEGERS
Parasitic

Jaeger
Long-tailed

Jaeger
GLZLS

Glaucous Gull

pb

pb

pb

SM,BR,PB
Glaucoua-winged

Gull pb
Mew Gull sm,pb
Black-legged

Kit tiwake SM, BR, pb
Sabine’s Gull pb

TERNS
Arctic Tern am, BR, PB
Aleutian Tern am, BR, pb

PASSERINE
Common Raven3 br ,pb
Yellow Wagtail
Savannah Sparrow
Lapland  Longspur

pb SM,br,PB

PB
am,PB am,BR,PB

pb sm, br, pb sm, BR

pb sm, br, pb sm, BR

am,br,pb

pb
am,pb

pb

am,BR,PB
sm,BR,pb

br,pb
br,pb
br,pb
br ,pb

sm,BR,pb

SIU , BR

br

BR
br

br ,pb br,pb
BR

BR , PB br
SM,br,PB BR

1
Key to activities - SM = spring migration, BR = breeding
(not necessarily nesting habitat), PB = postbreeding feeding
and migration. Upper case denotes major
lower case indicates minor use.
2
St. Lawrence Island habitat use seen on

3
Year round residant.

use of the habitat,

18 September 1980.
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lations are probably  quite low as we do not know the residency period of
the large flocks seen, though we suspect  that it was short and that  far
more CanadB Geese used the wetlands than were counted.

13rant were present in coastal Norton Sound in greatest numbers in
Spring$ when thousands migrated near !KoyW and GcAwin (near the Fish
River Delta, ‘l%tde 36 h They congregate along protected shores as well as
on wet tundra at that time (Table 35)? and feed on vegetation shoots. The
first of these migrants (mid to late May) are adults, while later m i g r a n t s
(early to mid June) a re  mainly inwnatures; all a r e  bound f o r  t h e  arctic. I n
August when Brant return  south rncst migrate through the Bering Strait  and
bypass other coastal  areas of Norton Sound.

Only a few E m p e r o r  Geese nest in Norton Sound, and tiese are at
Stebbins (Table 36)0 Populations of this Beringian endemic were prrbably
considerably gre~ter  along Norton SOLMICIIS shores but have been reduced by
hunter harvest (~ LensinkB pers. Commo)O  Minor coastal  concentrations were
seen in both spring and late swnmer9 and may have been pwt of a small
population nesting along the $eward Peninsula’s north shore. Large molting
flocks concentrate  along the southern shores of St. Lawrence Island (Fay
and Cacle 1959).

Snow Geese are migrants in Norton sound, with at least  5,000 passing
Koyuk in spring (Shields and Peyton 19’79); we noted lesser concentrations
elsewhere (see Table 10). These are bound for colony sites on Wrangel
Islsnd in the  SQviet Chuckchi S e a . Fall migramts psss mostly offshore~
stopping to feed on upland moist tundra of St. Lawrence Island; a few
hundred stop briefly along Norton $ound~s northwestern outer coast.

(e) D*bling Duekse These are wetland breeders (~ble 35b Pintails
were the most abundant of these and were common as spring migrants and
nesters~ w i t h  peak abundance after n e s t i n g  w h e n  pre-migratory flocks
gathered along proteeted  shores and on wetlands (Thbles 36 and 37). Many
of those seen in Norton Sound in 1980 and 1981 were probably  r e f u g e e s
from drought conditions in the mid-continental prairies (USFWS and CWS
1981)~ and populations were thus higher than in normal years. Late summer
concentrations were greatest in the northeastern region (13#300~ T&de 37).
Mallards showed the same patterns in habitat  uses seasonal abundaneq and
geographic distribution as Pintti~ though their populations were less than
one-tenth those of P MA&b ‘red followed similar pattex’rks t h o u g h  post-
breedhyg concentrations w e r e  not much g r e a t e r  than in spring a n d  a r e
attributable to production of young. Littoral feeding by teal was minimal.
Shovelers were most common on wetlands while nesting, with lower post-
breeding populations and little use of littoral zones. Amerieam Wigeon were
uncommon nesters and reached peak sbundance following the nesting seaso~
w i t h  h i g h e s t  numbers at the lmuruk Bssin (lp300)t Moses Point (3j100)~ a n d
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watafml Spais$ and Green+ng d Teal and Nwthern Shovder poptdat ioms
of the Sound me also sigtiiemt (10% to 20% of the t o t a l ) . Whistiing
swans using the Sound are slso & fairly dgdfiemt part of the total (11%)
u a r e  Canada Geese (~vwnerts rae~ 13%)0 Excepting  teal md shovelers?
these  s ign i f ican t  p~tiatio~ Cane to Norton Sound as migrants and only a
few remain to m&?sL

3. mm=
Stmdhill C%tines are ptimfly migrvmts in ewtd Norton Sound w i t h

srnd.1 popdatiom  nmting on wetlmds (Table 36.). Mat gather cm wet-hinds
to feed after nesting and we have noted peak @pdatiom d 69700 at
Imuruk Basin and f$OOO at Stebbims (%ble $7). me majority of %hese are
returning from $iberism nesting gramds$ or from the ‘%!’=% llelta. me
tigrato~ mute &cress the southern $ewsrd ~mim~a !s also used early and
mid hfayj through spring migrsnts pass through more quickly sncl use coastal
habitsts  less than in the fall (late  August to mid $eptmber).  We have also
noted e x t e n s i v e  use of moist tundra uplsnds @jacent to wetlmds~ partie-
uhwly in ftit when ersnes  feed on baries there.

4. shma&*
The  31 speies of shor~~ds reeo~ed by us show a great diversity in

habitat use patterns (T%ble 34); this discussion will treat the 13 most

wxnmon species along tie coast.

Shorebirds first arriwe in early to mid R4q whm ie e covers most

lagoons and exposed shores9 prwenting littoral feeding. They omupy

tundra sites %ht are rapidly losing their snow and ice cover. Mcst feed on
tundra until done w i t h  rwsting~ when many shift to littoral areas to feed.
The peak Mttorwd use in Figure 76 in May is pr~mtiy due to $miptiatd
$adpipem exploiting this nwly opened hskdta.t late in the month. Migrant
shoreb i rds  s top  to feed in emtd wetlands on their way north~ and msny of
these return after nesting to feed in e-td w e t l a n d s  WMI in littoral area;
these We usually f~wd by a later tiigration of jwenti=. T h e  highest
poptiatiom  ocx?ur in spring with lower nmbws during the pwt+reding
period frwm July Wrwgh  $eptmbm  (Figure 76). This is due to early
exodus of smiphatd smdpipm9 N&ton wuti~s most eormnon shorebird9
soon after nesting. Highest p~datiom of most other speeies oeeur after
nesting~ and this is due either to i m m i g r a t i o n  from the north or to the
prtietbn of young. The northewtern  and southern regkms support the
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Table 39. Regional populations of birds during the breeding and
post-breeding perioda in coastal Norton Sound in 1980 and 1981. POst-
breeding populations are given for Rroups which were considerable more
numerous du;ing that peri;d than du;ing’  breeding.

S.zQ!FL
Loons

Waterfovl
swans
Geese
Ducks

Cranes

Shorebirds

Jaegers

Gulls

Terrs

Paaserines

Northwest

Breeding Post-
Per iod Breeding
May /June July:Oct.

240 --

If lo’s 90
Zf 100’s 1040
f 1000’s 5500

f lo’s 7420

16000 --

f 100’s --

400 3600

600 --

f 1000’s --

Northeast

Breeding Post-
Period Breeding
May/June July/Oct.

625 --

f 100’s
Zf 1000’s

2250
5470

3m 1000’s 24000

f lo’s 5080

65000 --

f 100’s --

2800 18000

1400 --

m 1000’a --

South

Breeding Post-
Period Breeding
Kay/June July/Oct.

230 --

f 10’s 1010
Zf 100’s 200
f 1000’s 7000

f lo’s 8000

71000 --

f lo’s --

500 500

500 --
f 1000’s --

1
Abundance key: f= few (1-4) , m-many (5-9)

2
Mostly migrants

3
Shorebirds were moat common in !fav and June with equal or lower

numbers during the post-breeding period due to the early exodus
after nesting of Semipalmated sandpipers, the most common species.

fjfJ?



largest shoreb i rd  populations (Table 39) b“ all mcmths~ though few feed in
the littoral of the southern region after  nesting, due to lack of suitable
habitat. In the northeast~ shorebirds gather  from late June through August
o n  littoral areas of lagoons and e s p e c i a l l y  cm mud fkd.s south of Ibyuk.

Shorebird use of littoral habitats  @fter nesting has been sumerized for the
eastern Bering Sea$ including  Norton Sounc$ by GM and Handel (1981).

Four speeies dominated wethnd and littoral shorebird populations:
$emipalnmted  and Western S a n d p i p e r s ,  Dun_lin~ and Northern E’halaropes.
Foods of these were primarily midge fly larvae and these were found in 40
percent of birds collected at bcth wetl.md ponds and littoral areas. Also
eonnnonly taken as food w e r e  beetle  larvae and cyehxrapha  larvae
(maggots), though these were more eonxnonly taken on wetlands  than in the
littoral zone.

(a) meriem mlden Plover, Golden Plovers were fairly common as
a nesting species on raised moist tundra in upland crease S@m after
nes t ing  many move ‘to wet tundra areas and lagoon shorelines to feed~
though some remain to feed on moist tundra. Local nesters apparently
leave in lqgus~ ad are replfwd by wet.ic-nesting plovers that fkwk on
wetlands and littoral. areas. They were most numerous in the northeastern
coastal  seetions$ particularly  in Dnuruk Basin and from Cape Douglas to
Nome (Table 38~ both areas offer the drier upland tundra most often chosen
by these birds as nesting habitat.

[b] Bm”ttied Godwite T h e s e  are faily mnxnon  on moist tundra
uplands where they nest. After nesting they abandon the moist tundra and
flock in wetlands in littoral zreas~ particularly at Moses Point, Koyuk
(pr inc ipa l ly  on mudfhts) and at Stebbins (along canal bmks). Peak p o p u -
l a t i o n s  o c c u r  in August exeept at Ifoyuk where hrg e c o n c e n t r a t i o n s
g a t h e r e d  o n  t h e  mudflats, and we svspect that  these w e r e  failed o r
non-breeders. Few Bar-tailed CJxlwits rwnai ned into September.

(e) Whhbrel. These curlews were fairly common when nesting in
upland moist tundra. Wetland concentrations during June were not emon;
a small population of at least 45 were apparently nesting at Moses Point$
in a mixed habitat of moist and wet ttmdraj and in late June flocks of
apparently failed breeders as well as a few Ioeal nesting Whimbrels were
observed along wetland shores of Imuruk Basin. Post-breeding habitat use
w a s  fairly evenly distributed between moist and wet tundra areas.
Populations peaked in August and many Whimbrels seen on moist tundra Qt
that time were feeding on berries. We observed few Whimbrels in
$eptember~ though H. Springer (in Gill and Handel 1981) reports roosting
f.hxks of 200 or more on mudfhts  of Safety Lagoone
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(d] Bhc$k mrmtoneo ‘These nest on wet tundra, though they were
common only at Stebbhs  (1~000 plus) and at hnuruk Basin (100) in June
(fible 36]. After nesting they move to littoral areas to feed; adults move
first soon after the chicks hatch, and juveniles follow after fledging (Gill
and I-Iandel 1981). Most ‘Black ‘l%rnstones d e p a r t  Norton S o u n d  by
Septembere

(e) Northern Phdwopee These were abundant nesters restrkted
almost entirely to wet tundra areasf particularly in the wetter meadows with
many ponds. In years with late springs they often congregate along open
ice leads (H. Springer in (3U and Handel 1981) though in the early springs
of 1980 and 1981 they proceeded directly to tundra nesting sites.  Highest
nesting population were projeeted for wetlands at Stebbins (25~520) with
lesser populations at the smaller wetlands in the northeastern region at
hnuruk Basin (Table 36). At least 51,950 nest in wetlands of coastal Norton
Sound. Post-breeding populations are somewhat greater for Stebbins,
though not at other wetlands visited after June, and this apparently repre
sents pre-migratory flocking at Stebbins that was not witnessed elsewhere,
Northern Phalaropes did not often feed in littoral areas and once they
departed Norton Sound they may move to nearshore and littoral areas of the
Y-K Delta, where Gill and Handel (1981) have observed many adults in mid-
July and a peak of juveniles in mid-August through mid-September.

(f) Red Phdmope. These were mostly migrants in Norton Sound,
appearing in large rafts nearshore on the northeastern coast as well as at
Safety Lag oon in early June. A few remain to nest at Brevig Lagoon and
at wales. ‘hey are scarce in late summer and fall in coastal Norton
Sound, though a great many must pass south through the Bering Strait
after nesting in the arctic.

(g) Comon Snipe. These nested at all wetlands as well as in
marshy areas of moist tundra. Small groups of juveniles fed in wetlands in
mid-ihdy through August and no littoral habitats were used.

(h) Long+med Dowiteher’s. Dowitchers nested in wet lands ,
primarily in the northwestern region (Table 36). They were more croon as
migrants in spring and especially after nesting with high populations in
August and September at Koyuk and Stebbins. Adults first came south in
late July and were mostly gone when juveniles arrived in mid-August.
Juveniles peaked on approximately 7 September and their migration was of
greater magnitude than that of adults. Most migrant dowitehers fed on
borders of wet tundra pondsh though littoral feeding was noted on mudflats
at .Koyuk and on canal margins at Stebbins.

[i) Semipmated sandpipers. “I%ese were the most abundant nesting
shorebird in wethmdst with a projected nesting population of over 80,000 in
coastal Norton Sound (Table 36), Over half of these were at Stebbins in
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the southern f?ioimd~ and most’ of’ the remaining population was h wetlands
in the northeast$ exeepthg somewhat over 49000 in Immk Basin wetlands.
Some Sen@ahmted Sandpipers nested on rtised moist tundra near wetlands,
though the vut majority were restricted to wet tundra nesting. Littoral
zone feeding ocwmed in late May along prot eetec? (lag oonal) shores at
Port CXwer@e~ Woolley lagoo~ and Safety Lagom when these areas beeame
flee of ice, Most adults departed soon after nesting and did not feed in

littoral areas then. Juveniles did eongreg ate along lagoon shores on
mudflats at Eioyuk and along canal b~ks .$t fltebbin% ‘1’hese departed in
mid+ily, leaving very few by ikugust. We suspect that few immigrations

from srctic areas ocmurred and suggest that once %mipahnated Sandpipers
depart their nesting grounds they fly far south of coastal western i%h.ska.

(j) Wsterm sandpiper. These are the most cmcm nesting shorebird
of moist tundra in coastal  Norton f%mndt and are especially mmmon where
moist tundra intermixes with wet tundras as at Port Clarence and Safety
Lagoon, Western Sandpipers nesting near wetlands often traveled to these
lower marshy a r e a s  to feed diAng their nesting period. After n e s t i n g ,
broods were often led to these wetlands to explo i t  rich f e e d i n g  o p p o r -
tunities along pond margins. Adult females me the first to move to littoral
a r e a s  after b r e e d i n g  (Gill md Handd 19~~) ~d me so~~ foUowed bY a~~t
males and juveniles. la-g e concentrations oeeurred principally along the
protected shores of Safety Lagoon (llr280~ Table 37). Western Sandpipers
gathering there  are probably fran more northerly nesting areas as well as
f rom local sites. M o s t  adults had left by late July and f e w  j u v e n i l e s
remained in late August.

(k] Patord SEndpiper. These srctie  nesters we the most common

o f  the m i g r a n t  stmrebtids that do not commonly nest in Norton Sound. In
both spring and late swmner~ 90 percent. of the Pectoral Sandpipers seen
were on V@ tundra and MI percent were in littoral  areas. A few nesting
P e c t o r a l  $amdpipers  were f o u n d  in the northwmtern region at Brtig
L a g  Oo11 and at wales cm wet t u n d r a . Migrmts in spring reached p e a k
a b u n d a n c e  in late hfay~ and these were mostly females. me southward
migration peaked from 25 August to 9 September and these were apparently
“juveniles. An inland m i g r a t i o n  route for adults is possible (Gill smd Handel
1981), Ltite summer migrants were more numerous than spring migrants.

0] Sbwp-tdld sandpipers. Only juveniles of this species visit
mastal N o r t o n  Scmnds and these oeeur f r o m  early August through mid-
September.  Adults leave their northern Siberian nesting sites and do not
migrate through Alaska. All juvenile $harp-t.aikd Sandpipers were seen in
wet tundras especially the wettest meadows~ and they were most croon at
S a f e t y  lagoon, the Fish River Delt8, md at Stebbins (Table 37). They w e r e
often near flocks of Pee toral Sandpipers thcmg h interspecific flcwking was
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not apparent.
(m) Dunlino This species is restricted in nesting to the low wet

tundra of the coast. It was especially common at Stebbins (16,220) and was
considerably less numerous N the other wetland sites (Table 36). In both
study years Dunlin made little use of littoral habitats until mid-August. At
t h i s  t i m e  m a n y  of the locally n e s t i n g  adults had left and an influx of
appm’ently  arctic Dunlin oeeurred~ and these made more use of littoral
habitats. Dunlin were the only common shorebird to remain into September,
and many were still feeding on wet tundra, It is sometimes common for
adult Dunlin to remain near their nesting grounds to molt (Holmes 1966 b).
This was not the ease in either of your study years, when locally nesting
adults apparently departed prior to completing their molt.

5. Jwegers
Parasitic and Long--tailed Jaegers  were faily croon nesters in moist

tundra areas, partieulady  near wetlands (Table 35). They prey on birds,
rodentsj and insectsf and often steal prey from other birds. Peak abun-
dances occurred in June~ with steadily declining numbers thereafter, After
completing nesting jaegers were sometimes common over wetlands or
patrolling shorelines up until the end of August when most had departed.
They winter at sea and presumably head offshore after leaving coastal

Norton Sound.

6. Gulls

Three patterns of habitat use are shown by gulls in Norton Sound (see
Table 34), The principal pattern is of peak populations along shorelines
after July, and this is shown by Glaucous Gull% which comprised the vast
majority of all gulls in Norton Sound (99% on shorelines~ 7’6% on wetlands;
see Table 24). Glaucous Gulls are one of the very first birds to arrive in
Norton Sound each spring; we found them at the shorefast ice edge at river
mouths~ near cliff  colon.ies~ at townsites~ and on mostly frozen wetlands in
early May. They nest on cliffs and wetlands, usually in small colonies of
several dozen. After nesting many move to exposed shorelines and also up
rivers to follow spawning sahnon~ especially in late summer. Many immatures
and some non-breeding adults congregate along shorelines from early
summer through fall. These populations are augmented in late September
and October when northerly birds descend to Norton Sound and numbers
build to over 20jOOOj with highest concentrations in the northeastern region
(role 38). A high proportion of one and two year old immatures (30%) in
Norton Sound in late summer 1980 suggests that the Glaucous Gull popu-
lations are expanding, and this is likely as a result of fisheries and other
developments by man.
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GKaueow3+vinged Gulls come
August and flak w i t h  (WW20us
Spmming  river%% T h e y  mxne from

to (? Otlstd ~orton sound in ehdy a n d
Gulls on s h o r e l i n e s  and along salmon-
srmthern coastal Alaska~ where Glaueous-

winged Gulls nes~ and most are irnmtures one and two years old.
Mew GuUs nest in wetlands and make limited use of shoreline habitats

upon arrival in early May and after nesting. $mall gatherings of adults
and juveniles were mixed with Glaucous Gulls at river mouths and on river
deltas~ though Mew Gulls had ahnost all vaQa@d eoashl Norton Sound by 1
Seplwmbere

Black-1 egged Kittiwakes are abundant nesters at cliff edoties and
frequent exposed shorelines, particularly at Safety Ltagoon near the Bluff
colonies. This pattern is not included in Table 34.

SabineVs CWs nest on wet tundra in small numbers on some of Norton
Sound’s wetlands (Table 36) and fed along shorelines for a few weeks after
nesting. None were seem after miklugust in coastal Norton Sound and
they apparently moved offshore to feed and migrate south.

7. Terns
Arctic and Aleutian Terns both nest in coastal Norton Sound; Arctics

are widespread and eommon9 whereas Aleutian Terns are only common locally
in small colonies. Arc?tic Terns first arrive in mid-May and nest on wetlands
as well as on both the exposed and proteeted  shores of spits. They are
most abundant while nesting (Figure 76) and feed in littoral areas$ espe-
cially exposed shores~ and on wet tundra ponds. Largest populations were
at Safety lagoon (600)~ where many fed at the main lagoon entraniej  and
at Stebbins (500$ Table 36) w h e r e  m a n y  terns f e d  a l o n g  tidal canals.
Nearly all Arctic Terns depart  Norton Sound by 1 September.

Aleutian Terns arrive in late May to early June and are also at peak
abundance in coastal  Norton Sound while nesting9 though they are ccmsid-
erably MS numerous than Arctic Terns. They nest in small colonies on
spits$ on smsll islsnds in lagoons$  and  somet imes  cm moist turd a near
lagoons or wetlands. Norton Sound’s largest colony is at Safety Lagoon
(ha$ vari@ f r o m  80 to 4$0  adults, H. Spring pers. mxmn.) a n d  s m a l l e r

(two sites), Moses Point,
and the Stebbins area,
they usually feed well
young fledge in early to

c o l o n i e s  (6 to 40 adults) occur M Brevig Lagoon
l.hmhkleet~ Gobvin~ and possibly port ~aremce
They owasionally feed on tundra ponds though
offshore. Adults and young depart soon after the
mid August and few remain by 1 September.
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8. Passerfnes
This group is comprised of ravens and numerous small songbirds and

these show a Variety of habitat use pattern5 (Table 34). Many nest in
sh.rubby or forested uplands and are most numerous during the n~ting
season. The species most emon wetlands and shorelines are ravens~ Yellow
Wagtails~ Savannah !3parrows~  and Lapland Longspurs.  The latter two reach
two peaks in population (Figure 76), one in June when the young fledge and
the other in August when
wetlands. Yellow Wagtails
speciest whereas in August
gBther along shorelines.

the young gather on shorelines and coastal
are not abundant along the coast as a nesting
the young produced inland, as well as coastally,

CO Norton  Sound Waterfowl Populations

Norton Sound hosts minor populations of nesting waterfowl relative to
nearby areas$ notably the Y-K Delta (King and Lensink 1971; King and Dau
1981). This is due in part to the restriction of wetland habitats to low
pockets in the rtised  coastal relief that dominates the Sound. Gatherings
of waterfowl in late summer and fall are greater than in springp and for
some speciesr these post-breeding populations are of significant regional
importance. Table 40 lists population estimates for both Norton Sound and
the entire eastern Bering. Both sets of figures are error-prone and the
following comparisons between them are vsdid at the level of orders of
mag nitude~ and not pert entag e points.

Swans using Norton Sound coastal habitats comprise about 10 percent
of the eastern Bering Sea populations. Many of these (3s350) come from
nesting areas outside the Sound. Canada Geese visit ing Norton Sound
number at least 6J700 (13% of eastern Bering Sea total for Tavernerts race)~
and there are actually probably many moref since we do not know how
quickly flocks leave and are replaced (turncver rates) and this apparently
takes place in Norton Sound. Less than 10 percent of the total Pacific
race of Brant visit Norton Soundj and these are arctic-bound migrants in
spring. Other goose species are of minor importance in Norton Sounde

Relative to regional populations, the Norton Sound Pintail populations
were minorp and this is surprising since they were the most abundant
species of waterfowl. Mallardst teal~ and shovelers are of modest impor-
tance  in the region; our shoveler totals are from Junee Our counts of
American Wigeon comprise about 40 percent of the regional total? indi-
cating  that coastal  Norton Sound is especially important for pre-rnigratory
flocks of this species.
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Table 40. A comparison of Norton Sound waterfowl populations
Bering Sea. All numbers are. estimateato

of
those of the entize eastern
Fall populations.

Numberl  using
Eastern Bering

N u m b e rz using Percent of Bering
Norton Sound Sea Population inSpecies
Habitats ‘Norton soundSea Habitats

Whistling Swan 30,000 3,350 11

6,700
m 1000’s3

f 1 0 0 ’ s
m 100’s

13
<10
<01
<01

50,000
150,000
150,000
150,000

Canada Coose
Brant
Emperor Goose
Snow Goose
White-fronted
Goose <n 167,000 f lo’s

1,700
17,400

99
01

20,000
1,222,000

Mallard
Pincail
Green-winged
Teal 20,000
Northern Shoveler 20,000
American Wigeon 20,000

f 1000’s
f 1000’s
7,900

10-20
10-20
40

Greater Sca p 338,000
Oldsquaw 3,600,000
Common Eider 750,000
Black Stoker 489,000

3,600
f 1000’s
f 100’s
f 100’s

<01
-=01
<01
<01

Red-breasted
Merganser 20,000 f 100’s <01

1
Data are from King and Dau (1981).

~
Data are from Tables 36 and 37, this
are unadjusted and thus low relative

report, though many
to actual values (see

text) ,
3
f = few (1-4), m = many (5-9)
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Diving ducks as a whole were of minor importance in Norton Sound
relative  to regional populations.

Our visits to the major wetlands in Ncrton Sound allowed us to rank
their importance to birds as measured by shorebird and waterfowl popu-
lation.

1. *6M3s with .Hewy Bird Ike
(a) Stebbina. These wetlands (southwest of the village) are Norton

Soundfs largest expanse (170 km2) of @me shorebird and waterfowl nesting
habitat. This area is heavily used by ducks in early spring and by ducks,
swans~ and cranes in August and Sep@nber. It has the highest population
of shorebirds at all wetlands in the Sound. ‘he land is barely above sea
level along an exposed northwest-facing shoreline, and is regularly flooded,
though rarely in spring, Stebbins is the closest wetlmd to the proposed
lease tracts.

(b) Koyuk. These wetlands, south of town, .we prime shorebird
nesting habitat$ with extensive coastal mud flats attracting thousands of
feeding shorebirds. This site is an important stopover for swans, geese,
dueks~ and crane in later summer and is a Brant flyway in spring. The
shorelines are exposedj but far remowxl from the proposed lease tracts.

(8?1 Moses Point. This is an important shorebird feeding are% heavily
used by waterfowl in late summer~ particularly at Kwiniuk Inlet and inside
the mouth of the Kwik River. The wetlands are partially protected by the
Moses Point spit.

[d) Fish River Delta. On Golovin Lag eon, this delta provides good
shorebird and duck nesting habitat, with a heavy migration of Canada Geese
from mid-August to late September. 13rant pass through each spring. The
lagoon receives seaward protection from Golovin Spit and supports beds of
Eelgrass.

[e) hlnlwmk Basin. This wetland has shrubby delta habitat on the
north~ providing good nesting for shorebirds and ducks. Canada Geese and
cranes pass through in large numbers in late SUmrner$ and ducks congregate
during both the spring and fall migrations. This is the most protected site
and the farthest renoved from the proposed lease tracts.

(f) safety Lagoon. This includes the Flambeau and Eldorado River
wetlmds  and Taylor Lagoons and offers good by limited shorebird nesting
habitat. Mud flats inside  of the main entrance to the lagoon were often
used by feeding shorebirds. Terns concentrate at the entrance. This site
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is visited by .mmy ducks~ geese$ and
September. Beds of Eelgrass thrive in

crames9  especially in August and
the brackish waters. Most d the

wetl~ds are proteeted  from the open sea by barrier spits.

2. Me= with MdeF&t@  to Lfttle  Bid use
[a) shmtoolik. These wetlands have fewer ponds tian those listed

above$ and we found low davsities of nesting shorebirds and moderate popw-
Mions  of migrating V@ erfowlo Much of this area is proteeted  by spits.

(b) Port amemee. ‘l%ese wet lands  lie at the base of the Point
Spencer spit. The total area is small (13 kmz)~ but rich with many ponds
and high densities of nesting shorebirds. Migrant waterfowl  make minimal
use of this site. There is ltttle  protection from the open sea$ and the
tundra is occasionally salt-washed:

(e) Stuart Xamd. These wetlands are eomfined to the shores along
the central canal. Shorebird nesting densities are unknown; wat erf owl
migrate in moderate densities in late summer. The wetlands are protected
by the narrow canal entrances (the northern entrance was closed in 1981),
though this site is quite near the proposed lease tracts.

(d] WmUey Lagoon. This area has fair shorebird nesting habitat
slong its Shorest with minor concentrations of migrating waterfowl. Barrier
spits provide some prot eetion from the open sea.

(e) Brewig Lagoon. ‘TMse wetland habitats are dry and roeky~ and
hence fair to poor for shorebirds. Small flocks of Oldsquaw molt in the
lagoons but waterfowl use is otherwise low. Barrier beaches ‘protect the
rnaitiaRd shore.

{f) und~leeto These wetlands are within the Unalakleet River
Delta. Minor shorebird and wat. erf owl populations oeeur here,

{g] Wda. These wetlands are the margin of our study area. They
extend far northeast from the Cape along the barrier tundra strip. These
support dense concentrations of nesting shorebirds and moderate numbers of
nesting waterfowl.

E. cm Development Impae$s

1* General  Rmwks
Our general remarks on impacts will be divided into expected (or

phnned) impacts that. will occur as a result of the normal activities wso-
eiated  with oil exploration and exploitations and unexpected (or unplanned)
impacts associated with accidents or mishaps due to human error,  mechanical
failures or rmtural eat sstrophes. It is important to note that whi le
td~expeetecl impacts reeeive most of the attentio~ expected  impacts can
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have overall detrimental effects that are much greater and of longer
duration. These general remarks are followed by a discussion of potential
impacts for each of the eight. bird groups.

(al E%pmt* Iqaetso These include the construction and operation
of onshore f’smfiities swh as pipelines, construction cmnps~ road systems$
and an increase in the amount of human activity. Such i.mpWtS  USU&y

result in a general degradation of the area surrounding them in terms of
suitability for birds. tiwnan disturbance  affects most large bhdsp which are
less tolerant of harrwsment and will abandon nests aml areas where human
activity is high. These s p e c i e s  include Ioons$ swansp geese~ ducks~ Cranesp
jaeg ers, and terns. Shorebirds, gulls, and passerine are less affected.
The building of roads and pipelines usually entails the building of gravel
pads. Such structures frequently change drainage pattern,s~ resulting in
small but obvious changes in wet tundra areas, A complex road network in
an area of wet tundra would almost certainly cause habitat degradation due
tO these changes. Such changes are multiplied if the onshore facilities
take water from strewns  or lakes.

An expeeted human impact that will cause disturbance in many coastal
areas and not @st in close proximity to camps and pipelines is the move-
m e n t  o f  aircraft along the coast. Because aircraft frequently follow the
shoreline much of the air traffic associated  with oil development will be
over the coastal habitats described in this report. Population changes due
to chronic low level disturbance by aircraft  is hard to measure and t h e
effects of such disturbance would probably go unnoticed except in areas
directly adjacent to airstrips.

S~~Vellg6X’S  such m guflsJ foxes$ and  ravens  could be expeeted  to
increase as human settlements become more common in the ti~~de These
seaveng ers also consume eggs and chicks of birdsp and any increase in
scavengers would probably result in local deereases in nesting success, It
is doubff ul~ however, that  se aveng ing opportunist ies associated with oil
development would equal those already present in the Sound associated with
fishing activities. Glaucous Gulls appear to be a l ready  cm the increase$ ss
described in this report$ but it is likely that offal from fishing boats in the
Bering Sea in winter is the primary reason for the increase,

Subsistence hunting will be altered as a result of oil development and
thus the birds that are taken as part of the subsistence hunt wil l  be
impacted. Should oil development c&use the native peoples of Norton Sound
to depend less on the subsistence hunts those speeies that are taken in the
$ound @odd be expected to increase. If, however~ the subsistence hunt
continues and even becomes larger  in scale (due to increased funds  to
expend on hunting and the building of more roads to provide access to
hunting areas) there could well be a large increase in hunting pressure on
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certain  ~O@L3tiOIlS  a n d  S~@3iE!S, &mIM  t h i s  WC-km, the
“deserve consideration:

following points

Subsistence hunting is in transiticm$ as rmmy who (Mm s u b -
sistenee rights also hold paying jobs~ while others are in truth
still  trying to s u b s i s t . With increasing pressure cm wfi.ldlif e
resourees these two subgroups will be in sharper conflict.
Addi t ions  to the population of hunters will exae erbate the
ef’feets of new t e c h n o l o g i e s  already in U= (cog ~ snowmobfl E%
airmaft$  rifl’es9 outboards, ete .). This will m~e subsistence
hunting more difficult for the natives.
hereasing population (mostly of whites)’ may require refuges to
b e  s e t  add e where waterfowl may r e s t  w?hunted. sirrdllr
eonsid erations will I& ely encourage native corporations to closely
regulate sport md qu asi=subsistence hunting on eorporat e lands.
Exemption of native hunt-w’s from federsl  control is not reason-
able beeause:
(a) Biologic al fomes will not tolerate unneeded harvests, and
(b) Migratory bird populations ‘belong” to everyone.

Unexpeetd l~actsa me major unexpected impact that occurs
as a result of OH development is an oil. spill. Norton sound is sufficiently
d i f f e r e n t  from other coastsl  ae~ of ~-ka that  a sP~ ~~~~ring in tie
nearshore waters or just offshore would have quite a different @act on
bird populations that one in other areas. The paucity of birds in most of
the nearshore waters and littoral zone of Norton sound would mean that in
many are= the impacts of a spill on birds would be much less than in the
m o r e  p r o d u c t i v e  cosstal  waters to t h e  north ~d SOUti. Lerg e
concentrations of birds me present in exposed nearshore waters of Norton
Sound only near seabird breeding cliffs and when diving ducks are present
near headlands such as eider in the fall. While Norton Sound would not
have large numbers of diving birds beeoming oiled in nesrshore waters9 as is
typic al of oil SPUIS elsehwere~ the eff eets of a spill would be less direct
and result from coastal habitat degradation due to oilhg. The wetland
areas identified in this report es being of great  importance to Norton
Sound birds are all susceptible to be-mining oiled by spills present in
nearshore W~tfWSe For many of the areas in regular  contact with marine
waters the oiling would t a k e  place as a result  of normal tidal and wind-
driven currents. Such areas include lagoms~ river deltas~ and channels in
low-lying wet tundra areas. These habitats have been identified by Hayes
and ~undlach  (1980) as the mcst sensitive habitats in Blcwton Sound since$ if
Oiledg the oil would adhere to the sediments and vegetation for some time,
and cleanup of spills in such habitats is not possible. Even wetland areas

that are not in regular contact with marine waters are vulnerable to spills
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in nearshore waters. While the circumstances leading to oiling of these
habitats (a major spill followed by a storm surge) are less likely to occur,
the frequency of fall storm surges in Norton Sound makes the fouling of
these habitats a real possibility. The natural processes that would degrade
and disperse the oil in such wet tundra areas could be expected to be much
slower than in Iagoonal and river delta areas.

Norton Sound wetlands could also be impacted by oil leaked from
pipelines on the mainland, Such spills would be especially dangerous since
they would follow natural freshwater drainage pat terns and foul ponds,
streams~ and rivers.

While catastrophic oil spills present the worst case scenario, chronic
low-level pollution could be more of a problem in areas where drilling and
human activities are greatest.

The oiling of habitats described above would impact birds primarily
through decreasing prey populations and the access of birds to prey,

20 Potential I m p a c t s  on the Comon Bird Species
Discussed here are the impacts likely to occur for each of the eight

groups of birds common in Norton Sound, and this includes both planned and
unplanned impacts. Table 41 gives the relative susceptibility of these birds
to disturbances in neashore habitats. These habitats include exposed inland
waters, protected waters, shorelines, and wet tundra of wetlands.
Susceptibility is based on dependence on each habitat as well as the
vulnerability of the habitat. Dependence includes both duration of habitat
use and the magnitude of use. Vulnerability is mostly dependent on
exposure amd likelihood of oiling? such that birds in exposed waters are

most vdnerable9 while those in proteeted waters and on shorelines are more
vulnerable than those on wet tundra of wetlands. This does not include a
consideration of the retention times of oil in habitats as in Hayes and
Gundlach (1980),

A summary of the kinds of impacts and their degrees of effect on the
common birds of Norton sound is given in Table 42,

(a] lams. Loons are especially susceptible to oiling, since they
feed by diving9 spend little time on land, and frequent coastal areas where
humans concentrate development. They are less gregarious than waterfowl
and many shorebirds and thus less prone to massive mortality in an oil spill.

(b) Swans. Possibly the greatest threat to swans is disturbance in
late summer and early fall. At this time, over a thousand swans gather in
coastal wetlands to feed before their trans-continental  flight. They are
particularly vulnerable to oiling where they flock on salt water, though this
is limited to the sheltered waters of Golovin Lagoo~ where oil on water is
unlikely. At Koyuk and Stebbins swans gather on ponds.
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MV2r' 2-a
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‘1’%me 41. Relt%tiwi? mmeptibtiity of common ??Ortm $Ound birds to
disturbmees in nearshcwe hQbitats.

========= =======:=  ==: ----------------  ------====:== ::===: ======= ======:  ------- --------  ---’ -- --

qi~~! ~ ~ y~’gt’ ~ Pm 2
species Hab. * * * * .
-------------- ------- ------- . -------- ~------- -------- ------- -------- ----

Wm&yA’L

Whistling Swan
Geese
Qmda Goose
Brailt
lhmeror Goose

F1’ntii 1
Green-win al Teal

!$Nor ther n hovel er
J$nler lean Wlgeon

~lVl~ llueks
fC&ea er $caup

Oldsquaw -

Clxmwn Eider
RI a~k ~CO~ e~
Red-breasted Merganser
T

—----
SaR&

Iii’k-’liimstone
Nor ther n Phal arope
lll;~a~:? o~e

5Long-bil  Ie Dowitcher
sern~pahnat ed $jandp I per
Western Sand lper

5’Pectoral San ~per
BSharmtai led and~iwm

LiuJ.&a
Glaucous  call 1

Glaucous-winged Gul 1
Mew Gill 1
Black-leg  e~lKittiwake
fkibine~s $

TERNS
Arctic Tern
Aleutitm  Tern

PASSERUW33----- -- —--- ----- ------- --------------- ------ ------ -

IW 5-8

Pw 8,9

Pw 8,9

Pw 8,9~ 8,9

Fw 8,9

Pw
IW,PW M
w 5-10
m’ 5,8,9
m 5-9
Wr 5,8,9

wr,sL  5-7
~,SL 5 - 8

5,6
WT,SL 5,7-9
WT,SL 5 - 7

SL 7-8

WT 5-9

WT 5-9

Wr
w-r M
lkT

E:
!& 5-8

SL,wr 7-9
SL,WT 7,8
SL,WT 7-9

w-r
WT,SL ~:~-9
WT
WIT,SL 5=8
W1’,SL 5-8

SL 4-10

Iw 5-9

W,PW g-g
IW -

WT,SL 5-8
w 5-7
WI’,SL 5-9----- ----- ----- ----- .-.====== ======= ==: ----- .------- ------- ----- ------ -----e

1Habitat abbreviations: ~y/ = exposed inshore wat erst W = prot ec ted
(lagwn~) waters, sL = shorelines of both exposed and prot eeted coasts, WT
= wet tundra of wetlands.

2110nths of suw eptibility.
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Table 42. Expected levels  of oil development related impacts on
common birds in Norton Sound. Levels are predicted as
high ( H ) ,  m e d i u m  (M), low (L), or n o n e  (N], and Popu-
lation changes are predicted as +$ Oy or -.

---------------------------  -----------------------------------------------------------------------------------------------------------------
L o s s  of Disrup- In- Oiling Oiling Expect ed
Nest i ng tiort of creased by by Prey Populat ion

Species Habitat  Nesting Hunting Contact  Base mange
------ ----- ----- ----- -----_ ------ ------ ---_-- --_--- ------ ----- ----- ---
Loons M M L H L

Waterfowl
swans L M L M L
Geese L M H M L
Diving Ducks L M L H L,-
Dabbling Ducks M M H M L

Q-fines L M M N L

Jaegers M L L L~. M

Gulls L M N L L +2

Terns M M L M L

Passer i nes L L L L L ~3
----- ----- ----------- _____ -------------------- ----------------------- ------- ________________________________________ ----------------- -------

lMcst shorebirds are unlikely to contwt  spilled oil directly, although phala-
ropes sit on water to feed and are more prone to oiling.

2Cilaucous, Mews
population whale
thrive on refuse

3Most Passerine

and other large gulls will probably show an increase in
smaller gulls may remain the same or dwindle. Large gulls
proliferation and similar human activities.

populations will probably not be affected, although Ravens
may increase due to the proliferation of refuse.
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A possible threat is
May t o  ‘early JWM$9 when

disturbance in ‘the early nesting period from mid
noise and human activity could thwart n e s t i n g

attempts. Swans do not re.nest because of their prolonged n e s t i n g ”  eyele.
This problem is most critical on the  Y-K Delta where s w a n s  a r e  m o s t
numerous.

[c] Geese. Canada G e e s e  are most @ner@le  to oil impacts in late
summer~ when as many as 100@O may pass through Norton Sound. &eas of
concentratio~  are Golovin Lagoon and  Mcses Pointt where g e e s e  roost on
salt water and feed on lanclj and Koyukp where geese were seen mostly on
land, On the Y-K Delta hrg e nesting populations of several ‘species of
geese are susceptible to disturbance throughout the nesting season.
increased hunting pressure is likely.

Brant in Norton Sound have a low risk of impact, except in spring
when they rest  and feed in shallow salt water. Snow Geese also hwe a low
risk since they pass through Norton Sound quickly. Emperor Geese are
prone to suffer from increased tmnting$ as they are strietiy coastal agd
therefore concentrated where human access is easiest.

[d) ~~~se Diving dueb are more susceptible to oiling than dabblers.
Many must dive for food$ and they are snore common than dabblers on
exposed coasts. Cape Woolley, Cape No?ne~ and the rocky s h o r e s  f r o m
T’olstoi Point to Stebbins are favorite diving duck haunts. Molting flocks of
eiders and seoters are highly vulnerable to oilingj as they are unable to fly
from a spill area. Our sightings of these flocks are few; they me likely to
be common in shallow waters north of the Yukon Delta.

Dabblers are more likely to suffer from an increase in bunting
pressure$ since they are favored table fare. Spring hunting is most
precarious for ducks, when the availability of open wetlands may be limited
by icej and the next nearest opening without guns may be many miles ~way.
Spring came early in both 1980 and 1981S and openings were not limited; in
years of late ice we predict the most heavily used openings will be at
St.ebbins~ Shaktoolik, Koyuk, Golovin Lagoon O@Mmvik ~i~w), the Safety ~d
Taylor Lagoon system$ WooUey Lagoo~ and the huruk Basin.

(e) C%amesa The most ominous scenario for cranes is increased
hunting during the spring and fall migrations. ‘This is a ‘real consideration
near Nome and $afet  y Lag eon, where sport hunting for cranes interfaces
with subsistence shooting. CYanes have low yearly productivity as do many
large birds? and their populations may not be as resilient as other g a m e

species. manes are not susceptible to oiling, since they feed only on land.
[f) shoreb~ds. Sandpipers are most sueeptible to oil disturbances

when they feed in littoral habitats. In Norton Sound these are most heavily
used in JWY a n d  Augus~ =pecitiy at Kowk and Safety  L~g~~e O i l

f~@ing of their invertebrate food base could inhibit adequate buildup of fat
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for the southward migration. Northern Phalaropes spend little time in
littoral areas, except when they first  arrive, particularly in years with a
late spring,

Shorebird dependence upon wetlands for nesting and on pond edges
for feeding makes shorebirds vulnerable to oil washed over wetlands. The
most critical wetlands are southwest of Stebbins~ where an estimated 86,000
shorebirds nes~ this area k quite near and exposed to the proposed lease
tracts. Koyuk area wetlands host at least 28,000 nesting shorebirds. Other
important breeding sites are at Moses Point, the Fish River Delta,  Imuruk
Basin, and Safety Lagoon; these are all considerably more protected than
the Stebbins coastiine.

Shorebirds would suffer fran habitat destructio~ but they may be
more tolerant of minor human intrusions related to development.

[g) Jaeg erse .JBeg ers have a low vulnerability to oil-related
disturbances because they nest on moist tundra and when they feed along
shorelines or offshore they often take prey from other birds or’ scavenge.
Jaegers may benefit from an increase in sea traffic and the profusion of
refuse dumped from vessels.

(h) Gulls. Glaucous as well as Mew Gulls may benefit from oil
development via the resulting proliferation of refuse. Glaucous Gulls are
predators of duck eggs and chicks, and an increase in gull populations may
inhibit waterfowl production. Our estimates of age ratios show a strong
contingent  of young gullst suggesting that Glaucous Gulls are on the rise.
They are most numerous in northeastern Norton Sound.

(i) Temlso Both Arctic and Aleutian Terns are vulnerable to nearshore
oil spills due to their dependence on small saltwater fishes. Human dkturb-
ance may affect Aleutian Terns most. They seem much less tolerant of
human activities than Arctic ‘Terns and are more susceptible to nest failure.
The Safety Lagoon area is the

(j) P@Mxx’irle$3.3 s m a l l
affected by offshore petroleum
likely to irwrease in numbersy
cause additional usurpation of
predation on bird eggsj ehickst

most heavily used by both species.
songbird populations are unlikely to be
development. Ravens, being sc avengers, are
as they ah eady
hawk and falcon
and other foods.

have near Nome. This may
nests~ as well as increased
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The data  presented in this report  provide an overview of the kinds,
a m o u n t s ,  and uses o f  CO=td bird habitats in Norton Soutie Additional
work needs to be done in the following areas:

1, Ml Censusing
Only one October census was eondueted  during the present study, and

it showed large numbers of eiders in certain nearshore areas and Iarg e
numbers  of Glaucous Gulls on the beach. Additional censusing f rorn late
September to freeze-up would help to delineate those areas that are hnpor-
tant in late fall. October could be especially important$ since use of the
nearshore waters may be higher then than during the rest of the year.

2. @nmsing of Low-Density Areas
Because of time limitations this study directed much effort to those

areas in the Sound where birds are” most abundant. While we eensused
habitats and areas with low bird densities, we made little attempt to
compare these densities for areas within the Sound or to find out how
densities vary within these habitats. More detailti studies of low-density

especially important if oil development is tohabitats and areas would be
cmcur in them.

fle Small $eale Ckwn8sing
The  large area to be censused during the present study precluded

high+wolution  mapping or c?ensusing. Should development be planned for a
certain section of eoastline$ a detailed censusing program of the area
being considered would provide information on which specif ie areas are
most important to birds and allow placement of ready buildings, and so on in
areas of low bird density.

El. $ite+peeif’ie Studies

Having a field camp in an area of high bird use would provide a
number of parameters not available from a latrg e=scale eensusing program.
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1. Turnover EMes of Migrants
The importance of an area to birds cannot fully be judged until an

idea of the total number of individuals using the area can be obtained.
Daily counts of the wat erf owl in an area and observations on movements in
and out of the area would provide such information. The areas where such
studies would best be done are presented in the species accounts.

2. Breeding Bird Aethdties
Site-imt=nsive studies at

use and feeding ecology that
birds. While we have made
feeding wology  of the major
is needed for all species.

3. Plot Cenm4ma

breeding areas provide insights into habitat
can only be gained by daily contact with the
minor contributions to breeding biology and
species of Norton Sound, more detailed work

Yearly eensusing of plots during the breeding season is a good way to
accurately monitor changes in breeding populations, A series of plots esta-
blished before development begins would provide data on future impacts,

CL General  S t u d i e s

1. offshore Cenausing
This studyt other parts of RU 196, and work by Drury have shown that

the offshore waters of Norton Sound support few birds. In the spring and
fall, however, when birds are actively migrating, offshore areas may be
important for short periods of time but to large numbers of birds (primarily
sea ducks). Well-scheduled censuses with airplanes suitable for long over-
water flights would be needed.

2* Monitoring of Subsistence Harvest
As was mentioned in the section on potential impacts of oil develop-

ment, subsistence harvests of waterfowl may increase as oil development
occurs in the Sound. Efforts by native groups and governmental agencies
to monitor the waterfowl harvest would allow the impact of these harvests
on the total population to be evaluated.
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3. ‘mClphit?s $tlmes
Most habitats of

because of their f o o d
importance to birds in Norton Sound are important
resources. T h e  trophies of all Norton Sound bird

species are poorly known and less has been done on the bailability of their
foods.

Post-development studies should ideally be a continuation of studies
begun before development. In additions specific studies should be done,
including beached bird surveyst measuring the effects of disturbances on
birdsr and so forth.

. .
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Appendix 1. Norton Sound hind SMrVeyS9 1980. See Figure 2 for
Boeations.

------ ----- ----------- ------ ----------- ---------- ----- ----- ----- ------------ ------------------------ -------- --------- --------------------- --
km of

Area Dates l’ra.nseets Observers
-=---- ------------------ ------ .----- ------ ------ ----------------------
Wales

Brev i g Lagoon

Irruruk Basin

Port Clarence

Wool 1 ey Lagoon

Mm-le

Safety Lagoon

Solanon

FI anbeau and
Eldorado Rivers

&y 17-20
June 21-23
July 25-28

July 1-7
August 2-8

June 26-July 1

May 29-June 3
July 3-9
August 2-9

May 29-30
June 8
July 9
August 2
Septder 9

Weekly frcrn
May 12-
Septmber  25

Weekly frcrn
May 14 -
September 27

June 15
July 2
July 19
Augu St 20
August 30
September 21

June 15
July 11
Aught  12
Sept~er 4

0
5.9
2.9

62.4
68.9

52.5

49.2
48.4
50.8

8.5
9.8

10.5
10.8
9.5

124.7

273.7

3.0
3.0
3.0
3.0
3.0
3.0

9.3
11.3
11.3
11.3

Woodby (migrant watch)
Hausl er, Woodby
Woodby

B1 ick, Drury
Drury, Warheit

Hausler, Warheit,  Woodby

Blackhan, Weisel
Blackhsrn~ Chance
Blick, Chance

Chance, Woodby
Blackhsm$ Blick,
Drury, Woodby
Warhei t

Chance

Blackham, Warheit,  Weisel

All personnel

All personnel

Blackhan, Blick
Hausler, Woodby
Blick, Drury
Drury, Warheit
~ance, Warheit
Hausler,  Woodby

Drury, Weisel
Weisel, Woodby
Blick,  Woodby
Blackhm,  Blick, Warheit

------ ------------------------  ------  ------ ------  ------ ------------ ----------  ----------------------  ---------- ------------- ------  --------  -----
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Fish River  and
Golovin ‘Lagoon

June 7-11
July 11-U6
August 13-18
Septenlbw ‘6’10

42,5
6’?,1
45.5
38,4

------  -------------------------  ------------------------  ----------------------  ------  ------------  ------------------  ------  ----------------------
km of

m’ ea Imtes Triimw?ts 4X2 SWw?r s
---------------------  ----------------------  ----------------------  -------

Dowry, Hausl er ~ Woodby
BI iek~ Drury
CMnCeS  Drury
Hausl er ~ Woodby

Itloses Point

Koyuk

Shaktool ik

tkmlskleet

Stebbins

June 24-30
JU~y 23-28
August 2!2-26
Sept~er 10-16

June 14-17
Jdy 16-19
August 26-29

May 15-2-2
July 3-9
August 6-11

June 18-23

35.9
45.8
33.3
350’8

37.3
32.0
19.3

52.7
‘20%4

25.9
31.9
35.4

4506
July 15-21 61.6
August 26-29 “44 09

‘Blick, Chance
i31ickY Drury
Ghanee, Weisel
Blackhsm~ BlickJ  Weisel

Hausler, Woodby
Chance, Woodby
Chtmce~ Weisel

Blackharn, Bliek~ ~mee
Chancey Woodby

Ghance$ Weisel
Warheit~ Weisel
Weisel$ Woodby

Blackhsmf Ilrury, Weisel
BIaekhwnj WarheitY Weisel
Blackh&n,  Warheit,  Woodby

------------ ------ ------ ------ ------ ------ ------ ------------ ---------------- ------ ------ ------------ ------------ ------ ------------ ----------

+.-
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Appendix 2. Land surveys, 1981. See Figure 2 for locations.

------  ------  ___________  -----  -----  ----- -----  ----- ------  -----  ----- ----------- -----  -----  _____ -----  -----  ______ ----- -----  -----  -------  ------------
km of

Area Dates TraRsects Observers
--------------------- -------------- ------- ------- ------- --------------
Safety Lagoon

Fish River  and
Golovin Lagoon

@lovin Spit

Koyuk

Shaktool  ik

Stebbins and
St. Michael

&y 23-25
June 22-24

fiy 27-31
June 6-10
June 15-19
June 28-July 3
July 10
August 3-5
August 18-21
Sept~er 8

Almost daily
May 8-
Septeniler 4

tiy 25-29

June 23-25

June 8-15
July 22-29
August 28-
September 2

12,6
15.8

31.2
28.8
28.4
29.9
3.0

24.8
10.6
4.5

110.7

22.1

24.2

29.5
32.9
22.4

J. Blackham
AllisonJ I-Iausler

Hausler$ Woodby
S. Blackhm,  Hausl er
Hausler, Woodby
J. Blackham, Allison
S .  Blackhm,  J. Blackhan
S .  Blackhmn,  J. Blackhm
J .  Blackham, Scoville
S .  Blackham, Scoville

All personnel

S. Blackhm,  Allison

S .  Blackhan, J. Blackh8n

J. Blackhsn,  Allison
Hausler, Woodby
J. Blackhsrn, S, Blackhm,
Scoville

__________________  ______  ________________________  ---------  --------  -----_______________  _______  ----- _____ __________  _______ _____ ----------  ------
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Appendix ~. Aerial swveysp 19$0. See  Figure 1 for Ioeations of
coastal seetionsa

by 8

I@ 15

------  ------  ------- ------ --------------------------  --------------------  --------  ------  ------  ------------------------  -------------------  ------  ----
03fistal Sections

Date 123456789101%12 131415 C3bservers
-------------------------- -------- ----- m-. ------------------------- ----

Wodby

charm,

Weisel

XXxx xxx

xx

May 22

May 31

June 13

June 18

June ~0

July 24

July 25

August 15

August 16

xxx x x x

X“xxxx

Xxxxxx x x x

x x x x

X x x x

X x  x x x

Xxxx xxx

x x x

X x x x x x  x x x

Chance,
Wei sel

BlwMhwn,
Weisel,
Woodby

Chancev
Woodby

131ackhwn,
Blick$
Chance

B1 ick~
C2mrme

Blaekham,
Drury,
Weisel

Warheit~
Weisel~
Woodby

Warhei t,
Woodby

X x  xxx Bl ackhsm,
Weisel

—---- ------ ------------------------- ------------ ------------ ------- --—----- ------------------------ -------------------------- ----------------
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Appendix 3. Aerial surveys~ 1980 (tintinued).

-----------  ----------  ------ ------  ------ ------- ---------  -------------  -------------------- ------  ------------  ------- ------  ------  -------  ------ --
Coastal Sections

Date 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  1 3 1 4 1 5 Observers
------------ ------ ------ ------ ------ ------------ ------ ------ ------ ----
fhl~St  23 X x Blackhsm,

Warhei t,
Woodby

September 2 X x  x x x Chance,
Warhei t,
Woodby

Sept@er 6 X x x x x x  x x x Blackhan,
Blick,
Weisel

Sept@er 10 x Hausler,
Woodby

September 17 X X x Hausler,
Woodby

Septarber 23 X x x x x  x x x Blackhsn,
Hausler,
Weisler

October 27 X x x x Woodb y
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  -------.-----------------------------------------------------------------  -----  -----  -----
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-----  -----  -----  ----------  ----, --------  ---, --- ----------  ---------------  -----------, --------------  ------  -------------  ------- .---.%--  ------------ ----------
Cam tql Se@ ions

D4te 12345674910%112 131415 mserw+rs
---” --=--- --, -------------------- ----------------------- --------------- ------
M4y 1 Xx xxx Woodby

May 18 xx S, Maekham,
Musler

June 3 x Xxxx S. Blackham,
EIausler

June 8 x X x x x J. 131ackhan$
Allison

&gust 6

August 28

x x x S. B1ackMnJ
Hausl er

Xxxx x x x S. 131ackhsm?
J. 131ackh&$n

SeptOnber 5 x x x S. Blaekhm~
J.  131ackh8m

Septc@er  10 X x x  x x x S. Blackham,
J. Blackhsm

------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ---------------- ------ ------------ ------- -e ---- ------ ------ ----------------
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iippendix 5. Wetland  aerial surveys? 1980. S e e  F i g u r e  8 for
heations.

-----  -----  -----  -----  -----  -----  ------  -----  -----  ------  -----  ------------—---- ------  ------  ------ ------ ------------------------  ------ ---------
* +-

m

Date

i
d

observers
--------------  ---------------------  ---------------------  -------------

May 31

June 7

June 9

June 11

June 13

June 18

June 30

July 19

July 24

July 25

July 28

Augu St 15

August 16

August 23

x x x

x

X x x x

x x

x xx

x x

X x x x

X x x  x x x

x

x x x

X x  x x x

x x

x X x  x x x

x x ~ance, Woodby

Drury, Woodby

x Blackllsn19
Chance

Drur y, Woodby

BI ick, Chance

x x x x B] ick, Chance

Drury, Weisel

C%ance, Woodby

Warheit,
Weisel

Blackham,
Chance

B1 ick, Drury

x x x Warheit,
Woodby

Blackhm,
Weisel

X  B1 ackhan,
Woodbv.

====== ====== ====== ====== ====== ====== ====== ====== ====== ====== ====== ==
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Appendix  5. Wetland aerial mmreys~ 1980 (Contirmedh

-------  . ----,-----------------  ---------------  ----------------------  -------- —-- -------------------  ---.--~ -------------  -------------------  ----------

--A-

Sept e 2

Sept.’ 3

Sept.  6

Sept. 10

Sept. 16

Sept. 17

Sept. 23

Sept. 29

October 27

xx

xxx

Xxxx xxx

x x x

x

x x

X x x  x x x x x x

X x x  x x x

xxx

Warheitt
Woodby

k?lmdml~
Wei sel

Blackhmp
B1 ick

llausler~
Woodby

131 ick$ Weisel

Hausler,
Woodby

BlaekhanJ
Weisel

Hausler,
Woodby

Woodby

------  ------------------------  ------------------------  ---------------------------------------  ------------------------  ------------------------
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Appendix 6. Wetland aerial survey, 1981. See Figure 3 f o r
locations.

-------- _______ __________ ______ ____________ __________ ---------- ----- -—----- ----- ----- ------ ------ --------- ----- _____ _____ ----- -----------
~

Date Observers
------  ------  ------------------ ------  ------  ------  ------  ------  ------ ---

h’kiy 6

May 15

by 18

June 8

June 22

July 3

July 7

July 13

Aug. 4

August 6

Augu St 10

lwgust  28

Sept. 5

Sept, 10

Sept. 12

x x x x

x x

x x x

X x x x

x x

x

x

x

x x x

X x x x

x

X x  x x x

X x x x

X x x  x x x

x x

S .  Blackhan, J. Blackha

S .  Blackhm,  J. Blackhan,
Woodby

All i son, Blackhan

S.  Blackhsm, Hausler

Allison, Hausler

Hau S1 er, Woodby

S.  Blackham, Hausler

S. Blackhtrn,  J .  Blackhm

Hausler

S. Blackhm,  Hausler

J .  Blackhan, Hausler

S .  Blackhm,  J. Blackhan

S .  Blackhan, J. Blackhm

S, Blackhan, J .  Blackhm

S. Blackhan, J. Blackhan,
Scoville

--------- _______  ____________________________  --------- --------  -----------  _________  -----  ________________  --------  ----------  -------  -----  --
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APPENDIX  7, BIRDS C O L L E C T E D,

PERMIT # PRT 2-171 AK in 1981

LOCATION CODES: A -
B-
c-
D-
E-

Age Codes:
;:

Mallard 1

$
4

Pintail 1

;
4

10
11
12
13
14
15
16
17

American Wigeon 1
2
3

Northe~Shoveler 1

7
8

648

Safe~yLacJoon,  35 km E of Nome, Alaska
Golovin, 115 km E of Nome, Alaska
Fish River Delta, 103 km EnE of Norne,Alaska
5 W SSE of Shaktoolik,  Alaska
10 km SW of Stebbins, tiaska

adult
juvenile

-.
11?5
9U3
920
855
857
865
880
825
--
575
575

1080
7 0 0
700
725

1045
790
625
730
750
750

;;0

510
450
4i8
595
Ik;o
:;0
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cJ
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A P P E N D I X  7 C O N T I N U E D

Species

Northern Shoveler

Green-winged Teal

Greater Scaup

Oldsquaw

Black Scoter

#—

9
10
11
:;
1 4
1 5

1
2
3
4

2
7
8

1
2
3

1

1
2

Red-breasted Merganser 1
2

Whimbrel 1
2
3
4
5

Long-billed Ihwitcher 1
2

8
9

Dunlin 1

Date

18
19
29

;:
29
29

25
14
17
19
lQ

R
8

19
9

10

18

25
25

?:

18
18
18
18
8

20
26
26
26
26
26
26
8
8

13
25
9

10
14

Location

c
c
E
E

;
E

A
E
c
c
c
E
E
c

B

:

c

E
E

:

c

:
c
c

B
E
E
E

:
E
c
c

B
A
c

E

Sex

M
F

F

M

M

:

;
F
F

M
M
M

F
F

M
F

?4

!4

M
F
F

;
F
M

M
M

;
M

w
550

260
32Q

90@
--
--

111
lk5
15CI&g
130
130
125
105
100

--
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A P P E N D I X  7 C O N T I N U E D

Species g

D@ in 6

:
9

10

17
Semipalpated  Sandpiper 1

2
3

9
11
1 2

2 1
22
23
24
25

Western Sandpiper 1
2

9
10
11

650

Date

1 8
3
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Apptmdix 8. $mipalmated Sandpiper stomach iwktents; w!ults.

------  ------- --------  ------  -------------------  --------------------  ------ ----------- --_--- ------  ------------------------  --------------------  ------------
Wet !hndra Littoral

Mean Mean

%1
Length

%1
Length

Frey Items n f %f {m) n f %f (m)
--------------------  -------------------------  ------------------------  ----
Midge Larvae 83 7(I 5 71 9 8 38 1 25 8

~ane-fly Larvtie 9 151 25 12

Cyclorrapha  Larvae 4 3 2 29 9 4 19 2 50 9

Beet 1 e Larvae ‘ 2 8 2 4 2 29 12 6 29 2 50 7

Beetle Adults 221143

Ants 11114~

Snails 2 10 1 25 1

seeds 57 -- 2 29 2 1 .- 1 25 2
- - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -

1+? of Birds 72 4 3

------- ------ ------------------------ ------------------------- -------------------------- ------ ------- ------------------------- ------------------ -----

1 Percent of non-eed items.

2Three others with only grit and ehyme in stomachs. ‘

3Two others with only grit and thyme in stcmachs.
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Appendix  9. Sernipahnated  Sandpiper stomach contents; juveniles.

====== ====== ====== ====== ====== ====== ====== ====== ====== ======  ====== ======
Wet Tundra L i t t o r a l

Mean Mean
Length Length

Prey Items n %1 f %f (inn) n %1 f %f (IITn)
---------------------  ---------------------  -------  ---------------------  --

~clorrapha Larvae 31 78 3 50 10

Beet 1 e Larvae 9 22 4 67 9
Seeds 12 -- 3 50 2
--------------  ---------------------  ---------------  -------  ----------------
N of Birds 62 13
------- ------ ------ ------ ------ ------ ------ -------- ------------------ --------- ------ ------------------ ------ ----_- ------- ------ ------ ------ -----

1 Pert ent of nonaeed  items.

‘One other with only grit in stomach.
30ne collected in intertidal habitat had an ernpt y stomach.
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—----- ------.-- ----------------------  --.. -e-s-- - - - - - - - - - - - - - - - - - - - -  - - - - - - - - -—— - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - -

Wet ‘!’undra Littoral
Mean Mean

xl
Length ~1

Length

Prey Items n f %f (m) ~ f %f (m)
--e---. -------. -- *-----  --------------- .-+---- -...-.** ----------------------
Midge Larvae 55 37 4 57 7 34 81 5 100 9

Cyclorrapha  Larvae 27 18 1 14 11
Beetle Larvae 59 40 ~ 14 6 6 14 1 20 11

Beetle AlultS 433434 12$206

Ants 211142

Spiders 211~44

Unid. Worms 121205

Seeds 3 _ 2 29 2 24 -- 2 do 2
-------------------------- ------------------------ -. - . -----------’--- -“---52
N of Birds 7
------------------------ ----------------------------- ------------------------- ----------- ----------------------- --------------------- --------------------- ---

1Pereent  of non-seed items.

2Qne other with only stones and ehyme ih stomach*
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Appendix 11. Western Sandpiper stomach contents; juveniles.

------  ------  --------------  ------------------------  ---_-- ---------------------  -----  -----  -----------  -----  -----  ----------  -----  -----  -----  -----  ------
Wet ‘Itmdra Littoral

Mean Mean

xl Length
%1

Length
P r e y  Items n f %f (inn) n f %f (Km)
.------ --------------------- ------- -------------- --------------------- --
Midge Larvae 39 91 3 38 8
Cyclorrapha  Larvae 3 100 1 50 ‘7 2 5 1 1 3 6
Isopods 1 2 1 1 3 6
Mysids 1 2 1 1 3 4
Seeds 19 -- 2 100 1 188 -- 6 75 1
--------------  --e---- ------- ------= ---------------------  ----------------
N Of Birds 2 2 8
====== ====== ====== ====== ======= ====== ====== ====== ====== ====== ====== =====

1 Pert ent of non-seed items.
2One other with only grit and thyme in stomach.
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Appendix  120 Ihmlin stomach contents;  adultse

------  ------  ------ ------ -------  ------  --------------------  ------ ------  -----------------------------  ------------------------------  --------  .-.----  4 - - - - - - - -  - - - - - - - - - - - - - - -
Wet ‘1’bndra Littoral

Mean Mean
Length # f

Length
xl

Prey Items n f %f (m) ~ %f (m)

~—---=-  .-----.- -.-. W---- ---------------------------- . . . . . . . ------------------
Midge Larvae 44 42 2 25 11 18 95 3 100 10

Crane-fly Larvae 6 6 2 25 22

wet 1 e Larvae 47 45 4 50 M

Beetle Adults llll~s

Ants ~ 1 1 13 9

spiders

snails

$eeds 115 -- 4 50 2
------------------------ --------------------------- ------------------------ -----

8 3
N of Birds
______ --_--- ------ ----------------------- ------- ------------------------- ------------ --_--- ------ ------------------------ -------------------------- ------

lPereent of non-seed items.

,,
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Appendix 13. IMnlin stomach contents; juveniles.

--------------  ------  ------  -----_ -------------- ------ -------------------  -------  ------  ------ ----_- ------ ------  ------ ------------  ------ ------------
Wet Tundra L i t t o r a l

Mean Mean

xl Length
%1

Length
Prey Items n f %f (inn) n f %f (m)
------------------------- ------------------------ -------------------------

mane-fly Larvae 1 100 1 100 9
Isopods 1 33 1 20 4

Snails 2 67 2 40 4

Seeds 77 -- 1 100 2 204 -- 4 80 2
------- -------------- --------------------- --------------------- -------- --
N of 13irds 1 5
----- ----- ----------------------- ----- ---------- ------------ ---------------------------- ----- ----------- -------------------- ----- ----- ----------

1Pert ent of non-seed items.
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---------------  ----------------  ------------------------  ----------------------------------------------  ----------------  --- m--.-c F.--*  s.. ..-.~.-.  - - - - - - - - - - - - - - - - - - - -

wet ‘mMlra Littoral
Mean Mesn

n d f %t?~! n %1
Length

Prey B tms f %f (m)
*---- .-. ----- .-. --------- .. -.-. *--"  ----------- m---------  " --" -"-"" "--"-""
Midge Lmwae 148 67 7 58 11 3 w 1 33 10

Met 143 Larvae 63 28 6 50 9 2 38 1 33 9

Spiders 1 0.$182

CIadocersn Egg 530 - 2  17.1
Cases

S%eds 420 -- 6 50 .1 25 -- 2 67 1
--- P*----- ----------------- PP---...”  .-. -.””.* -------------------------- . . .
N of Birds *22 33
---------------------  ----------------------  ----------------------  ------------------------------------- ------P- --------------------------- ---------------

lPercent of non-seed items.

20ne other with sn empty stomachp sll males.

3Two males, one female.
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Appendix 15. Northern Phalampe stomach contents, juveniles.

====== ====== ====== ====== ====== ====== ====== ====== ====== ====== ====== ======
Wet ‘IImdra Littoral

Mean Mean

% 1 f %f ‘y#! n %1
Length

Prey Items n f %f (m)

Beetle Larvae 2 4 1 50 14
Ants 1 2 1 3 3 4
Cladcwerans 52 96 1 50 2
Cladoceran Egg 111 -- 1 50 1 80 -- 1 33 1
Cases
Mysids 25 54 2 67 9

c1 am 20 43 1 33 2
Seeds 21 -- 1 50 2 24 -- 2 67 1
---------------------  --------------  ----------------------  ---------------
H of Birds 22 3
---------------- ----- ----- ---------- ---------- ------- ------------ ------------ ----- ----- ----- --------------- ----- -------------------- ----- ----- --

1
Pert ent of non*eed items.

2
One other with an empty stomach.
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Appemdk  16. Mfd.Mrd stomach contents.

--------------------------  ---------------------  ------------------------  ---------------------------  ----------------------------  ------------------------
Adults liw?eni 1 es

Mean Mean
Length #

Length

Prey It-$ n ‘%1 f %t (m) .~ f %f (m)
--------- ~----.-- --------- -. -.-=..- -.---. --=----- --------------------------
Midge Larvae ~~ -- 1 100 11

Snails 21 — 2 67 5

W3getat ion (mpl 15 1 100 25 3

Seeds .89 -- I 10’0 3 35 -- 2 67 1
- - - - - - - - - - - - - - - - - - - -. - - - - -. . . . . . . . . . . . . . . . . . . . . . . ------------------------
H of Birds 1 3
------------------- ------- ------------------------ -------------------- ------------------------------  -------------------------  ------------------------
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Appendix 17. Pintail stomach contents.

----------- -----  _______________  ---------  ------  -----  -----  ----- ------  -------------- ------------------  ------  ------------- ------------- ------ ------  -
Adul tS Juven i 1 es

Mean Mean

%1
Length

% 1 f
Length

Prey Items n f %f (mm) n %f (m)
--------------  ---------------------  ---------------------  ----------------
Midge Larvae

Crane-fly Larvae

Cyclorrapha  ?.mvae

Adult Beetles
Shoot s

~eget abl es (Ctyne)

Seeds

253 -- 2 29 10
3 - - 2 29 20

202 -- 3 43 10

1 . - 1 14 10 6 - - 1 10 7.5

299 -- 4 57 11
- - 30 3 43 - - 48 6 60 --

691 -- 5 71 1.9 736 — 9 90 2.0
---------------------  ---------------------  ---------------------  ---------

N of Birds 7 10
----------- --------  ------ ------  ------ --------  ------ --------  --------  -----------  -------  ------  ------  ------ ----------  ------------  ------------------ -

1Vohnne.
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------- ---_-- ------  --------------------  -------  .. ----,- -.-.-- =--- ---------------------------------  -------- ------------------  -----------------  --... -.--* --------------
Jldul ts Juveni I es

Mean Mean
Length Length

Prey Ii tms xl f %fn, ({m) n gl f %f (m)
---------- -I----------- ----------- -----  =----- - ..---- =----- --------------------------
shoot s 22 1 50 40 H $0 1 10’0 15

Vegetation (Ch~l 45 2! 100 10 1 100

Seeds 105 -- 2 100 2 10 5 1 IQO 2.5
--------------------------- ----.---..---------’. ---------------------------- -.
‘M of Birds 2 1
------ ------ -_---- -------------------- ------- ------------------------- ------*_____ -+----- ------ --e--- ------------------------- -------------------- ------

1Volume.
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Appendix 19. Northern Shoveler stomach contents.

------------------------  ------------ -----_ ------  -------  ------------ -----------------------  ------  --_--- ------  ------  -----. ------------------------
Adults Juveni 1 es

Mean Mean
Length Length

Prey ItESTM n # f %f (roll) n %1 f %f (m)
---------------------  ---------------------  ---------------------  ---------
Midge Larvae 37 2 40 4.1 160 2 22 7.8

Cyclorrapha  Larvae 7 2 40 6,8

Adult Diptera 37 2 22 3
Adult Hymenopteran 8 1 11 3
Adult Beet les 7 1 11 305
Adult Mites 31 1 20 1
Snails 14 2 40 5
Veget at ion (Chyme) 40 3 60 43 6 67
i%wds 280 -- 3 60 2,2 1,055 -- 6 67 1.7
-------------------------  -  . ------------------- ,---  -----------------------
N of Bird% 5 9
------ ------------ ------------- ------ ------------------ ------ ------ --------------------- ---------------- ----- -------------------- ---------- -----
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Appendix me Green-winged  Teal  stomach  eomtents~

------  ------  --------------------  ------  ------ -------------------  ------  ---------~------ -----------------------  -------------------------  -------------------
ml ts $hnbumi 1 es

Mean Mesn
Length ~1

Length
~1

Prey Itms n f %f (m) n f %f (m)
..--.e--..-.  -------------------------- . . . . . . . . . . . ----------- ------------------
Midge L@rvae 316 -- ~ 67 gea

Beetle  Larvae 7
. - 2 33 7.7

Beetle Adults 6
- - 1 17 10.8

Copepods 150 -- ~ 17 ~

Mysids 3—~~77

hkmmt odes 1 -. 1 17 T

Shoot s 2 .- 1 ,17 ‘7

Vegetation (~~) ‘- 38 3 50
.- 50 2 100

Seeds 232 -- 5 83 2.2 60 ‘- 2 100 2
----e-- p-----.- -------- ---. .==-- ---------------------- ----------------------
M Of Birds 6 2
-------------------------- ----------------------- ------------------------ ------------------------------ --------------------- -------------------------- ----

lVohune.
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Appendix 21. A l e u t i a n  T e r n  colony l o c a t i o n s ,  S a f e t y  L a g o o n .  I s l a n d s  that h a v e
h a d  colonies between 1976 and  1981  a re  marked  wi th  an X; the  peak  popula t ion
reached  480  adul t s  in 1979 (H. Springer pers.  comm.) . Colony locations found
by us in 1980 and 1981 are marked with dots; these were on the same island.
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Appendix 23. Aleutian Tern colony location, Moses Point. Colony was at end
of spit.
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Appendix Z4. Aleutian Tern colony location? Unalakleet.
Approximatley  35 adults were seen at the site indicated
(2 km SSE of town) on 7 August, 1980.
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Appendix 25. Aleutian Tern colony location, Golovin.
Nests were concentrated 1 km ENE of the town on raised
moist tundra. At least 30 adults were at this colony
in 1981 .
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Appendix  26.

Specks List; Seasonal Mutimee and Habitat the of
Im’ds h Coslstel .$’’lorton mnml~ 19”80 and 19$1.

Leg end

cmdes

u~ Nesting in coastal Norton Sound.
7“: Discussed in text,

Abundance Terms

t:
Fc:
u:
La

!&:
v:

Abundant -- seen almost always~ and in large n~bers (laooot~)e
Common - seen regulsrly  in moderate numbers (lOO’s)O
Fairly Common - seen reguhriy in low numbers OO’s)O
Uncommon - seen occasionally in small numbers.
LCK?fdly Common “ as with Common$ but at limited sites only;
widely distributed.
Rare - seen only a few times$ within normal range.
Rang e Extension.
Vagrant$ far from normal range.

Qw:
Iw:
Pw:
m
SId
cm

:::
m:

R
SW
m%
VL$

Offshore Waters (pelagic).
Inshore Waters (within 1 km of shore).
Protected Waterse

spits.
Shorelines.
Cliffs.
River Mouths.
Rivers.
Wet Tundra (in wetlands).
Moist ‘fUndr@Jpknds.
Trees: spruce forest9 muskeg (principally for songbirds).
shrubs.
Disturbed Ehswmhes.
villages.

670

not



T*cIBwa J1iIi2L(1W 
(aunsicirriuj oIO) 

T*9 ao00 8bcw3 
(.jnabnrw irisi) 

T ini3i8 
(aL2ial9d ) 

Teaoo0 ,oieqri 
(.2ieIL Jii1) 

T eoo0 beitoiI-etirIW 
(tmiikdLe 12fit) 

T 92000 won8 
(as29Lui rD) 

TbisIIeM (2onrf11q anA) 
T* I IBwb2O 
(u.c19'I ) 

j 
(Lll2n & 

T*IB9T b9niw-n99'10 
) 

I89T beniw-euIE 
(.riazaib .) 

fIl9IiilOM 

Appendix 26. ‘Speeies list; s e a s o n a l  dmdame and habitat me of
birds in eoaatal Norton sound, 1980 land 1981
(continua).

------ ------ ------ ------ ------ ----_- --.--- ------ ------ ------------ ----------------- ------ ------ ------ ------ ------------ ------ ------------ ---
Spring Migration Breeding Post-Breeding

specks Status  Habitat Status Habitat Status Habitat

Ckimllorl Loon R Iw
(@via ltmf2j3

Yellow-13 illed Loon R Iw
(Q !MhmSii)

Arctic Lo@W u lW
(Q &!Q&X$)

Ite$-throated bon*~ Fc lw
(G ,&@uJ3&a)

Red-necked Grebex u Iw
(Pod iC4XQ aIAu&wu9

lior rwd ~rebe ?J Iw
(L UWi_tM)

Short -t ai 1 @ Shearwat er

Pelagic Cbrmrant* C C L I W
(~ QA@Z@&5)

UC Iwwr

Cvn’

A  PWWT

IJwr

Uwr

c IwwTm

u  FWwr

Uw’r

A I$WWTIW

mwr

Wwr

R

lThTIW

FCWI’IW

R WI’IW

R IW

C CLIW

FCWT’PW

u MTwr

R

RWT

R

v

U W T

Rxwr

A PWWT~

Cw-r

v

cm

lTW1’IW

Fcwrlw

u WI’IW

u IW m’

Aow

C CLIW

c WHY

A ~WTPW

m IWwr

u IW WI’

Uwr

c  Wrm

m IWwr

A  PWWI’IW

Cwr

Fc w
(i% d.gyala)------ ------ ---_-- ______ ------ ------ ------ --_---  ------------======  == ----- ------ ------ ------ _______ ------ ------ ______ ------ ---------
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(6bpT GJ1JflJg)

ccuwou QDq61J626
(VT tUUT2)

J'6226L 2Gørrb
(VTUMLTTW)

rtII
EC IMF

K

A

B

Twwq tJ 

xg 

xa 

T*noiW n8Di19fI (ii *& 
Tk&iaEvnnO 

(herijafE.v athyA) 
Tbasiibe$1 

(wGIuu fl1YT)
WU6-M!LJ6c_2GOXGL

( U2GPGT)
b;acjGq Eq6L
(' DGGtpTfl!)

KU Eq6L J,
(OGL' IIT21U)

ccuIuou EN6L*L
(b1C JJ6LT)

çOfIp-J6&6q HMtc
(WGbHGL 6U4Jfl)

GD2PBM(

(W !bLLt)
6qpLGg26q W6L91Th6LsL
(6LtT UtIJ!t)

Gt*IWO1) WGLa9IJ26L

(W U1L)
BTGIC 2G04GLsJ

(' bGLJG1T)QIILT ttrT

EC IMMLALL

LA LLI

fi 114

1 TM

V IMOl

ECIM

LC IMK

K

C IM

I TH

(cou Ufl6q)'
pnqa !13 coøsrj j4oqou onuq aso suqybb6qp bGG! I!2I 26020U0J apnqBuGa aIJq PVPUV4 0e6 O

U CrIALL

EC IM1PLW

K

n KI11

—----- ----------------------  -a - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  --====- - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - -
spring Migratiati Breeding Post-Breeding

Speeie Status  Habitat Status Habitat Status Habitat
., . . . . . . . . . . . . .

Fc mm

UMT

TJWT

Rx

mm’

Cwr

R

R RI

m FWH’?WT

u m

R

c Pwwr

Rx

c Pwwr

R

Fc Uviw

x m’

c Iw

m IWPW

R

WIW’

u Iw

Fc IWWI’RM

UMI’
(hAQ”*)------------------- ------ ------ ------ ------ ------ --------======= =Z=z== - - - - - - - - - - - -  - - - - - -  - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - -  - - -
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Appendix 26, Species  list; seasonal  abudance and habitat use of
birds in coastal Norton  Sound, 1980 and 1981
(continued).

------  -------  ------  ----.- ------  ------  ------ ------ -------------------  --------------- --_--- ------ ------  ------ ------  ------------ ----------------

Spring Migration Breeding Post-Breeding
Speeiu??s Status Habitat St~tus Habitat Status Habitat

- (@titi.Lif2-oi&@@Jd
Wandering Tattler T

Uiwr’

Um

Uwr

Fc m

TUMTWT

u

R(2L

U W T

R IU

R  CL~

R CLWT

R’IR

FC MT

FC WI’

u N? Gravel

v 5P

Fc m

Um

K MTWT

R

FC N’YI’WT

R

U7R

U’IR

FC RI

FC WI’

U SL

R

R

Km

c Wrm

C WI’~SL

lCWf’SL

UW

c MI’WT

R SL
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Appendix 26. Speeiea list; seasonal abudance and habitat use of
birds in c o a s t a l  Morton Sound, 1980 and 1981
(continued].

------  ------  ------  -----_ ------ ------  ------  ------- ------  ------  ------  ---------------------  ------ ------  ------ ------ -------------  ------  ------  ----
Spring Migration Breeding Post-Breeding

Species Status Habitat Status Habitat Status Habitat

Bluethroat R R
(Z!MAJ ~)

Arctic Warbler USH
(~ ~“)

White Wagtailx u  VLDB
(~ Bl1213)

Yellow Wagtail*T C SHSL C SL
(b l.LB.YB)

Water Pipit@ Um
(w “~)

Red-throated Pipit RMT
(& ~)

Northern Shr ike~ U S H
(~ius -itU)

Orange-crowned Warbler~ c SH’IR
(WT&Q2M *)

Ye] low Warbler” c sHIR
(QQ@&4&X &E&Cl&i)

Yellow-runped  Warbler@ ESH
(~ eoronat~)

Blackpoll Warbler~ cm
(Q& S&IQ&&3)

Nor them Water thrush~ FC SHTR
($eitiru~ ~)

Wilson Vs Warbler~ FCSH
(~ p)

Rusty Blackbird@ Fc SHm
(E@lQgQE ~)

Pine Grosbeak Um
W&h2.&9 ~)

Redpoll * c  NFrwwr
(& BntllI1.s  f-&@3u3)

Savannah Sparrov@T A  WTSL C  WTSL
msswULm M@dmEMM

Dark-eyed Junco* U7R
QJulQQ h?HIX&h)

Tree Sparrav# FCSH
(~ EA@9.W%l

White-crowned Sparrow@ FCSH
(Zcmotrw~)------ ------ ------- ------ --==== ------ -===== ====== ====== ====== ====== ====== ====== ====
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Appendix  243. Speeies  Ustf seasonal iabw!ance  and habitat  use of
birds in cmasttd  Norton $ound, 19$0 and 1981
(eontinu@).

------- ------  ------------  ------  -------------  -+------  -----------------.”  ---
---------------------------  --------------------------  -------------------

spring  Migration Breeding” Post-Breeding
spwie stRtlls Habitat Status Habi ta t  Status Habitat

calden”er’uwned sparrQPLP USEI
(2L awiM@.@ )

Fox Sparrcn@ CSH
(~ -) “ A  ~

Lap land Longspur*”f A IMI’ WI’ AWT
(~~)

snow Bunt ing~ c SL u VLm C SL
(~ ~~-------------------------  -------------------------  ------------------------------------------  ------------------------------  ----------------------

,.
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APPENDIX 36

PELAGIC BIRD OBSERVATIONS IN

SEA , JULY 1975 AND SEPTEMBER

NORTON SOUND AND THE ADJACENT BERING

1976.
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I. Summan of objectives arid results.

Limited censusing of Norton Sound and the adjacent Bering S@a

was conducted in order to determine species distribution patterns and their

relation to

plement the

Sound. The

oboratecl by

water masses. The data are presented here because they com-

information presented on bird use of Coastal habitats In Norton

low densities encountered by Drury et al. (1981) were corr-

our transects in late July and mid September. In September the

Alaskan Coastal Water of Norton Sound was found to support low densities

(usually less than 2 birds per km sq.) with the piscivorous  cliff nesting

species that breed in the sound, Black-legged Kittiwakes (Rissa tridactyla),

Glaucous Gulls (Larus hyperboreus) and murres (Uris spp. )being the most

common. While one feeding flock 12 km southwest of Cape Darby was en-

countered in September, no east-west density gradient was present in the

Alaskan Coastal Water. The number of tundra-nesting migrants crossing the

Sound was found to be low when compared with adjacent areas of the Bering Sea.

The oceanic waters outside of the Sound were found to support

over 35 birds per km sq., primarily shearwaters (Puffinus SPP.). Auklets

were absent from the Sound but regular in the Bering Sea water. These

species occurred west of the 7.4°C isotherm and shearwaters were most abun-

dant in waters less than 6.6°C.

This limited pelagic censusing  complements the data presented for

coastal habitats that show low numbers of birds in the littoral zone of

Norton Sound. Low densities are found in both pelagic and littoral zones

indicating the low productivity associated with the stratified water of the

Sound. Species which occupy the littoral zone in other areas move south

across the mouth during fall migration.

11. Introduction.

This report presents data gathered by R.U. 196 in the pelagic
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waters of l=Jorton  Sounde R.IJ. 196 has as 3W primary mission  the study of

birds in and next to the pack ice. Observations in Norton Sound were

made from ships going from Wme to the Chukchi Sea where pack ice is present

and Norton Sound observations were incidental to our primary ob jec t ives .

Because Drury et al. (1981) pointed out a lack of data on seabirds in the

offshore waters of the Sound and because R.U. 196 is completing a final

report of coastal bird habitats in the Sound$ it was decided to present this

data as an appendix to that report. The data discussed is from late July,

1975 and early  September, 1976. Obsemati.ons made  in the region of the

Bering Strait adjacent to Norton Sound in May and June will be presented in

seabirds and pack ice in the Bering Sea.a  final report m

ITT. Study area.

Norton Sound is a shallow embayment  of the Bering Sea with

depths averaging less than 20m. The physical oceanography of the area has

been studied by Wench et al. (1981). The Sound differs from the adjacent

Bering Sea both in its shallow depths and by having warm,low salinity waters

as a result of fresh water input from riverse primarily the Yukon. The ex-

treme eastern Sound (east of Cape Darby) has a weak gyre with a highly

Lawrence Island Bering Sea

The oceanographic boundary

tiaslcan coastal waters and

Berfng Sea is variable and

rxmrents. During OUT 1975

pelagic waters

between l?Jorton

the colder and

depends on the

stratified two-layered system. A stronger gyre is present in the western

Sound wiEh more vertical mixing taking place. Between 140rton Sound and St.

move north to the Bering Strait.

Sound’s warm and low salinity “

more saline oceanic waters of the’

intensity “of winds and ocean

observations warm water (8°C) extended out to as

far west as the east end of St. Lawrence Island.

Xn September 1976 a very different situation was found with

cold ocearufc  waters being present at the mouth of the Sound (Figure 1).
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me 7°C isotherm was between 167° and 168° N. Neimarlc (1979) fo~d

Bering Sea water further east in June and July 1977 when the 7°C surface

isotherm was between 164° and 165° W and 2°C water was at the surface

between 165° and 166° W. At the same time Neimark found 12° to 14°C

sea surface temperatures In the eastern Sound where we encountered 8°

to 10°C temperatures. The location of the transition from Norton Sound

to Bering Sea water is thus extremely variable.

The biological systems associated with the two major water

masses are quite different. Norton Sound receives major freshwater

input from the Yukon and other rivers and the resulting marine environ-

ment is most similar to an estuary. Zooplankton species present are neritic

and littoral forms. Much of Norton Sound appears to have a detritus-based

system with major organic input from the Yukon and other rivers. The Bering

Sea water to the west however, has a pelagic system with an oceanic fauna.

Few studies have been conducted on the two ecosystems with regard to primary

and secondary productivity and trophic  relations$  so few meaningful com-

parisons can be made. Motoda and Minoda (1972) studied zooplankton through-

out the Bering Sea and found a gradation of copepod species across the

mouth of the Sound with neritic forms in the Sound and oceanic forms over

deeper water. Neimark (1979) did a study of Norton Sound zooplankton ecology

and documented the neritic nature of the Sound.

Iv. Methods and Sources of Data.

Observations were made from the flying bridge of vessels 15m above

sea level in 15-minute observation periods (transects). All birds out to

300m of one side of the ship were counted and information gathered on activity,

direction of flight, sex, age and plmage.

transect was obtained and the birds per km

for each species. Ship followers were not
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In 1975 sea surface

surface temperature

temperature was taken every three hours. In 1976 sea

and depth were recorded for each transect.

Data was gathered on 30 and 31 July 1976 when 27 15-minute transects

were obtained on a line running from liome southwes~ to 63°50’ N, 167°54’ W

(Figure  2). A more extensive cruise from 11 to 14 September 1976 provided 98

15-minute transects with coverage of all parts of the Sound (Figure  3). The

July cruise took place at a time when most biids are still involved in breeding

activities. By mid-September most species have completed their breeding

activities and many have already left arctic and sub-arctic areas.

v. Results.

A. September 1976.

Our September data will be discussed first because the larger area

censused  in the Sound and more complete oceanographic data give a better over-

view of the factors affecting seabird distribution. Our observations fall

into three subsets corresponding to three marine zones. These zones are

based on conditions found on the cruise and their lacation and characteristics

could be expected to be different at other times and in other years. For pur-

and

the

poses of discussion, the zones will be called the inner Soundi outer Sound

Bering Sea. The zones are shown on Figure 3, and the characteristics of

zones are as follows (see also Table 1):

Inner Sound

The inner Sound is the shallowest portion of the Sound with depths

on transects averaging 17e4m. An area south of Cape Darby has depths as great

as 25m but the remainder of the inner Sound is less than 20m. The zone in-

cludes the weak gyre east of Cape Darby and the eastern part of the gyre in

wes$e~n 140r~on Sound. Sea surface temperatures recorded on transects averaged

9.2°C.
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Outer Sound

The outer Sound had depths on transects averaging 20.2m and sea

surface temperatures averaging 7.8°C. All sea surface temperatures greater

than 8°C in this zone were encountered on the most southerly transects

near the Yukon River Delta and were presumably due to river discharge.

Bering Sea

This zone contains all observations west of 166°W and the 7.4°C

isotherm out to 168°30’ W. It includes the eastern portion of the cold Bering

Sea waters moving north to the Bering Strait. Depths average 24.2m and

are as much as 39m. Sea surface temperatures on transects averaged 6.6°C

and were as low as 5°C.

4 birds

Both of

over 35

1. Bird densities

Densities presented in Table 1 show the

per km sq. while the outer Sound has less

these zones have far fewer birds than the

inner Sound to have over

than 2 birds per km sq.

Bering Sea zone which has

birds per km sq. due primarily to large flocks of shearwaters.

Specific aspects of distribution will be discussed by zone.

The inner Sound was characterized by low densities for most areas

with a few areas of moderate to high densities. The area east of Cape Darby

had the lowest densities with 1.2 birds per km sq. (n=12) composed primarily

of murres, Glaucous Gulls and Black-1egged Kittiwakes. One large flock of

Spectacle Eider (Somateria fischeri), 420 at 64°22’ N 162°16’ W had a density

of 237 birds per km sq. While this sighting is of importance, it is omitted

from the total density given on Table 1 and other totals since it would mask

the major differences between the three zones. When this flock is included,

the total average density for the inner Sound is 9.4 birds per km sq. The

extreme eastern Sound (east of Cape Darby) had twelve transects with an

average of 1.2 birds per km sq. and a maximum of

western portion of the inner Sound (west of Cape
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had 34 transects averaging 5.4 birds per km sq. All den’sities” over ten birds

per km sq. were in an

four transeccs  with a

birds per km sq. The

area approximately 12 km southwest of Cape Da’rby where

range of 17.5 to 43.2 birds per km sq. averaged 33.3

average density for thewestem” inner Sound without

these four transects is 1.7 birds per km sq. Thus:, when theone area of

high density is removed, the birds per km sq. is simtlar for the western and

eastern inner Sound (1.7 vs. 1.2). It is likely  that- hi’gh density areas are

present east of Cape Darby also, but that we failed to encounter them.

The area where the high densit~es were encountered south of Cap@

Darby is of some interest since it indicates an area where prey is apparently

more abundant. On 11 and 12 September the ship encountered a diverse

assemblage of birds at 64°19’ N, 163°18’ W approximately 12 km southwest of

Cape Darby. The flocks were associated with the edge of the 25In trench

found southwest of Cape Darby. Depth increased from”25m to 18m as recorded

on the ship’s fathometer. The location is also one where the gyres in the

eastern and western inner Sound may come into contact and create mixing that

could increase productivity. Black-legged Kittiwakes were the most common

birds in the area averaging 23.5 birds per km sq. Glaucous Gulls, murres,

Pelagic Cormorants (Phalacrocorax  pelagicus) and Arctic Loons (Gavia arctica)—

were also present. No feeding observations were made-and the prey con-

centrating the birds is not known although it was almost certainly fish.

In the middle of the inner Sound (south of’64°N) bird densities

were low (.7 birds per km sq. S n=18) and consisted almost entirely of Glaucous

Gulls and Kittiwakes.

The ou~er Sound had an average density for all birds that wassir

ilar to the values for the inner Sound away from the area of Cape Darby

(1.fiperlm sq., n=32). The zone was characterized by low densities through-

out with a maximum of 7 birds per km sq. and only three densities greater than
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4 birds per km sq. No feeding flocks were encountered in this zone but

Drury et al. (1982) mentions an area

regularly gather and feed.

The Bering Sea adjacent to

south of Cape Nome where seabirds

Norton Sound had a total density of over

35 birds per km sq. due mainly to the presence of shearwaters. Both Sooty

(~. griseus) and Short-tailed (P. tenuirostris)  Sheawaters may have been—

present but identification to species was not possible. The boundary between
o

this zone and the outer Sound was crossed twice, at 63 30’

with sea surface temperatures dropping from 7.7°C to 7.2°C

and then decreasing rapidly to at least 5.2°C. As soon as

N and 64°30’ N,

within 15 minutes

the zone was

entered shearwaters were present but they did not become abundant until sea

surface temperatures dropped to 6.6°C and below. The eight transects with

temperatures below 6.6°C had an average of 66 sheamaters

the twelve with higher temperatures averaged 5 per km sq.

senations in poor light made as the ship steamed west on

per km sq. while

Incidental ob-

63°30’ N showed that

directly west of our furthest west transects sea surface temperature dropped

from 6°C to 4°C in 15 minutes and at that point, a flock of approximately

10,000 sheamaters was encountered with an average density of 1700 per

km Sq.

Unidentified small alcids were common in the Bering Sea zone.

They appeared at the same time as shearwaters though they were nowhere near

as abundant (maximum density 23.5 birds per km sq.) nor were the highest

densities associated with the coldest water. The alcids appeared to be pri-

marily Parakeet Auklets

B. July 1975

Our July 1976

(Cyclorrhynchus psittacula).

cruise was on a straight line from Nome towards

St. Lawrence Island (Figure 2). Sea surface temperatures showed that the

boundary between Norton Sound waters and the Bering Sea was either poorly
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defined or west of 168° W since sea surface temperatures during the tran-

were not less than 8°C. Total densities (Table 2) were rather con-

tith an average of 6.8 birds per km sq. and no densities over 20

per km sq. The last nine transects showed some of the influence of

Bering Sea water although this was not reflected in ma surface temper-

atures. These  transects averaged  9 birds per km sq. compared to 5.7 for

the previous 18 transects. In additfon, Northern Fulmars (Fulmarus glacialis)

a true pelagic species, was common on the last nine transects (ii=l.29 percent

5req.=66%). Murres and Black-1egged Kittiwakes, the two most common species,

both showed a slight increase in abundance and occurrence in the same area.

Little can be said of this data set except that it represents data for the

period prior to migration.

vl . Discussion.

A. Species distributions.

The birds encountered in September 1976 can be divided

groups based on distributions: species relatively common in all

into three

three zones,

oceanic plankton-feeding species associated with Bering Sea water at the

mouth of the Sound, and tundra migrants moving south at the mouth of the Sound.

Species relatively common in all three zones included Black-1egged

Kittiwakes,  murres and Glaucous Gulls. AH three were more abundant in the

inner Sound than  the outer Sound because of the large feeding flock southwest

of Cape llarby. When this flock i.s not included in the inner Sound data their

average dens$ties are similar in the two parts of the Sound. Overall, Glaucous

Gulls and Black-legged ~ittiwakes were most numerous in the inner Sound while

murres were most abundant in the adjacent

Oceanic species common near the

absent from the Sound itself included the

Bering Sea.

mouth of the Sound but essentially

Northern Fulmar, shearwaters and

small alcids. The alcids are probably primarily Parakeet

(AethiapusiHa) and Crested Auklets (JJ. cristatella)  may

Auklets but Least

have also been present.
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All species associated with the Bering Sea water are primarily plankton

feeders and their absence from the Sound is indicative

densities.

A number of tundra

Sound and Bering Sea than in

(Somateria spp.), phalaropes

nesting species were more

of low zooplankton

common in the outer

the inner Sound. These included loons, eider

(Phalaropus spp.) and jaegers (Stercorarius

Spp.). This is apparently due to birds moving down from the Arctic and

heading south across the mouth of the Sound rather than following the coast

into the Sound. In addition to being a shorter route, productivity of the

Bering Sea water would provide more prey for individuals feeding in mi-

gration. Other species that follow this route earlier in the southward

migration could be expected to include Arctic Terns (Sterna paradisaea)

and Sabine’s Gulls (Xema sabini).

B. General comments.

While the sample size is small and our observations were gathered

on a total of five days~ some generalities about seabird distribution in

and adjacent to Norton Sound can be made. While we censused in a range of

sea surface temperatures in the Sound of 7.2°C to 9.0°C and a range of

depth of 14m to 30m no east-west gradient in densities was found nor a

change in species composition. The offshore waters of the Sound had, with

the exception of one area , uniformly low densities of primarily fish eating

species that breed in the Sound and small numbers of tundra migrants. This

is essentially what Drury et al. (1981) found in their offshore transects of

the Sound. Neimark (1979) found that the extreme eastern Sound (approx-

imately east of a line from Cape Darby to Stuart Island) differed from the

rest of the Sound in having the copepod (Arcartia  clausi) be the dominant

zooplankton species

limited sampling in

while Pseudocalanus spp. was dominant to the west. Our

the easternmost Sound showed that bird species and
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denstties  in that area are similar  to the rest of the sound. me Bering

Sea waters immediately outside the Sound are an area of high productivity

as evideaced by the numbers of shearwaters encountered there and the

association of auklets with this water mass. Red PhAlaropes, which feed in

both pelagic and littoral waters in the first part of their southward

migration, feed in the littoral zone at Wales on the Bering  Strait (Connors

1978) but south  of that point move offshore, apparently due to the higher

zooplankton  densities present in the Bering Sea. This may also, however, be

an indication of the low productivity of the littoral zone in Norton Sound.

A number of arctic species occupy the littoral zone in their southward

migration until they reach the Bering Strait and they then move offshore to

pelagic habitats. The main report on coastal habitats documents the paucity

of migrants in the littoral zone in Norton Sound.

c . Future Studies.

More thorough studies of offshore seabird distribution in Norton

Sound would allow delineation of areas of concentration for seabirds but the

number of seabirds in the Sound is so small Ehat it is unlikely that any

given area would support a numerically important concentration of birds.

The 90 thousand seabirds that nest in Norton Sound colonies can be expected

to be associated with those colonies and adjacent waters while involved in

breeding activities. It is unlikely that future pelagic studies in the

Sound would produce data that would influence decisions cm offshore leasing.

The 13ering Sea water that flows north past the Sound does warrant

further study however, especially since Neiriark (1979) found it much closer

to the Sound (further east) than we did. The numbers and kinds of seabirds

associated with the Bering Sea wa~er when it is east of 166° W are not

knm . A series of transects crossing the convergence between Norton Sound

and Bering Sea water when Bering Sea water is closer to the Sound would
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provide such data. The pelagic waters of the northern Bering Sea have re-

ceived little pelagic censusing  when compared to other Alaskan waters and,

hopefully, initiatives to fill this data gap will be undertaken since the

pelagic  waters north of St. Lawrence Island and south of Kotzebue Sound

are known to support high densities of seabirds.
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INNER SOUND

No. of 15-minute
obe.e~ation peri.vda n=46

sea surface temp. %9.2
(O”c) range=~.  4-10

Sottom  d e p t h +17.4
(n) rsnge=14-25

Bird densities g
(birds/ku sq. ) —

TOTAL (all birds) 4.3

Loom

Morthern Fulmar
YAeatiatets
Corlnorents
Eider*
Ssndpipera
Phalaropes
Jaegers
Glaucous Gulls
Glaucous-winged

Gulls
Lame Sp.
~-legged

Httiwalca
Nurres
Unid. A&let
Parakeet Auklet
Horned Puffin
Tufted Puffin

.1

.0

.(3

.1

.1

.1
e. 1
e. 1
.5

2.6
.&

-=. 1
.0

<.1
<.1

%freq.

76

--
15
06
02
02
02
22

04
15

43
17
02
--
04
02

OUTEF SCJUND

u-32

&7.0
range=7.2-8.  5

>24.5
renge-20-30

% %freq.

1.6* 81

.1 19

.0 —

.1 03
<.1 03

.2 15

.3 06

.3 06
<.1 03

.1 16

.0 --

.4 16

.1 16
6.1 a3
<.1 03

.0 --

.0 --
,0 --

BERING SEA

U-20

%6.6
range=5.2-7. L

5=30.2
range= 26-39

% %freq.

3s.8 100

.4 40
a. 1 05

29.4 100
.0 —
.6 10
.0 --
,5 05
.1 20
.1 10

.0 --
~. 1 05

.6 40

.6 60
3.0 75
.2 10
.0 --
.2 10

* Does not include flock of 420 Spectacle Eider equaling 237 birds per
km Sq.

Table 1. Oeneitles  and frequency of occurence  of birds in three
zones of Norton Sound, 11-14  September 1976. See  F igure  3 for  locat ion
of  zones  a n d  t r a n s e c t s .
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Number of 15-minute
observation periods

Sea surface temperature
(Ooc)

Bottom depth
(m)

Bird densit es
3(birds/km )

TOTAL

Northern Fulmar
Jaegers
Glaucous Gull
Larus sp.
Black-legged Kittiwakes
Murres
Unidentified Auklets

27

range= 9.8 - 12

range= 23 - 35

G Zfreq.

6.8 100

.4 22

.5 07
6. 1 04
<q 1 0 4
1 . 6 63
4.0 96

. 2 15

Table 2. Densities and frequency of occurence of birds
southwest of Nome in Norton Sound, 30 and 31 July 1975. See
Figure 2 for location of transects.
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Figure 1. Sea

and

surface  temperatures (OC) encountered in Norton so~d
sdjacent Bering Sea on 11 - 14 September 1976.
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Figure 2. Cruise track where 27 15-minute pelagic bird observation
periods were conducted on 30 and 31 July 1975.
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Figure 3. Cruise track (solid lines) where 98 15-minuee  pelagic
bird obEIeU3atiOII periods were conducted on 11 - lfI September
1976. Dotted lines indicate boundaries between inner
Sound, outer Sound ad Bering  Sea. See text and Table 1
for characteristics of each zone.
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